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Abstract 
The study investigated differences in attentional abilities 
between student and instructor pilots. Twenty-four student and 
thirty-one instructor pilots were administered a battery of 
attention tasks in an effort to determine whether attentional 
abilities would covary with the level of piloting experience. The 
attention battery consisted of the response compatibility task, the 
negative priming task, the inhibition of return task, a timesharing 
task, an attention flexibility task, feature and conjunction visual 
search tasks, and a dichotic listening task. Instructor pilots 
displayed evidence of more efficient task switching, and focused 
attention than novice pilots. On the other hand, instructor and 
student pilots were equally adept at visual scanning and covert 
shifts of attention. The students were administered the same 
battery after an interval of approximately 17 weeks to determine if 
flight training would lead to a change in their performance in the 
attention tasks. The student pilots' performance was compared to 
a group of 51 control subjects who were administered the 
attentional tasks within the same test-retest interval. Both groups 
of subjects showed a decrease in response time in many of the 
attentional tasks with practice. However, the decrease in response 
time was accompanied by a reduction in performance accuracy. These 
findings are discussed in terms of their implications for pilot 
selection. 
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Introduction 
Identifying the right person for the job has always been a 
challenge in the realm of personnel selection. This task has 
taken on added significance in the domain of military and 
commercial aviation where pilots as well as their aircraft 
represent a major investment. Training a pilot to operational 
standards is an extremely costly process and selecting the wrong 
candidate is a mistake which can cost millions. 
The paper and pencil tests currently used in the selection 
of pilot candidates reflect the emphasis placed on personality, 
intelligence, and spatial transformation abilities. For example, 
a factor analysis of the US Air Force's pilot selection battery, 
the Air Force Officer Qualifying Test (AFOQT) which consists of 
16 subtests (Verbal Analogies; Arithmetic Reasoning; Reading 
Comprehension; Data Interpretation; Word Knowledge; Math 
Knowledge; Mechanical Comprehension; Maze Tracing; Scale Reading; 
Instrument Comprehension; Block Counting; Table Reading; Aviation 
Information; Rotated Blocks; General Science; and Hidden Figures) 
revealed that it is highly loaded in the perceptual speed, 
aircrew aptitude/interest, and verbal, quantitative and spatial 
ability domains (Skinner & Ree, 1987) . Scores obtained on these 
subtests, together with the candidates' educational attainment, 
physical fitness, and flight screening performance are used as 
predictors of their success in flight training (Kantor & 
Carretta, 1987; Carretta, 1990, 1992). 
Reliability Problems with Current Test Batteries. 
Personnel selection test batteries in general, have shown 
decreasing predictive validity for ability-performance 
relationships in longitudinal studies (Alvares & Hulin, 1972; 
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Henry & Hulin, 1987, 1989; Hulin, Henry & Noon, 1990)1. In 
aviation, even the most sophisticated of the selection batteries 
accounts for no more than 25 percent of the variance in 
performance in advanced pilot training (O'Hare & Roscoe, 1990). 
Despite the strong economic incentive to increase the predictive 
validity of pilot selection procedures, there have been few 
changes in the nature of test batteries since the late 1940s 
(Bartram, 1987; Braune & Wickens, 1984; Imhoff & Levine, 1981; 
Turnbull, 1992; Youngling, Sheldon, Mocharnuk and Weston, 1977). 
A major source of funding for research on aircrew selection 
are the different branches of the military. However, their 
research efforts are not only limited, but also sporadic and not 
well coordinated. Based on their extensive survey of the pilot 
selection related research programs that had been conducted by 
the U. S. and foreign air forces from World War II to the mid-
1970 's, Youngling, Sheldon, Mocharnuk and Weston (1977) observed 
that efforts in these programs would see an upsurge during times 
of conflict, but this interest would wane with the termination of 
the conflict. In the mean time, and in spite of their 
shortcomings, the longevity of paper and pencil tests are ensured 
because they can be administered relatively cheaply in 
decentralized testing centers (for example, see Hunter, 1989). 
In comparison to the other ability domains, interest in 
information processing as a predictor of success in pilot 
training is relatively recent (Gordon & Leighty, 1988; Hunt, 
Frost & Lunneborg, 1973; Hunt & Lansman, 1981; Imhoff & Levine, 
1981; Lin, 1969; Pew and Adams, 1975; Pelligrino & Glaser, 1979; 
Sternberg, 1977, 1979). It is now widely agreed that individual 
differences in information processing should be considered in 
conjunction with intelligence and psychomotor measures as 
predictors of pilot performance. This has led to the adoption of 
1
 Various theories have been proposed to account for the low correlation 
between selection scores and the actual performance of candidates in the long 
run. As these have been discussed in detail elsewhere, they will not be discussed 
further in this paper (for review, see Hulin, Henry & Noon, 1990; also see 
Ackerman,1989; Alvares & Hulin, 1972, 1973; Henry & Hulin, 1987, 1989). 
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laboratory paradigms as pilot selection tests (Bartram, 1987; 
Gopher & Kahneman, 1971; Gopher, 1982; North & Gopher, 1976; Park 
& Lee, 1992; Stokes, Banich & Elledge, 1991). 
Emphasis on Time-sharing Skills. 
In experimental psychology much effort has been devoted to 
understanding the role of attention in perception and the control 
of action. Research in this area of human behavior is greatly 
influenced by the concept of the brain as a limited capacity 
information processor as postulated by Broadbent (1958, 1971, 
1982). According to his "Filter Theory", selection of 
information for processing is necessary because of the brain's 
limited processing capacity. The model has undergone various 
transformations in the light of work by Treisman and others (Gray 
& Wedderburn, 1960; Moray, 1959, 1967; Treisman, i960, 1969) but 
Broadbent's thesis - that the selective nature of attention is 
the outcome of our limited processing capacity - remains 
unchanged. In fact, this is the premise on which all the current 
models of attention and human performance are based (for example, 
see Allport, 1980, 1989; Cave & Wolfe, 1990; Duncan, 1980, 1984; 
Duncan & Humphreys, 1989; Eriksen & Yeh, 1985; Hunt & Lansman, 
1981; Kahneman, 1973; Kerr 1979; Neisser, 1967; Norman and 
Bobrow, 1975; Posner, Nissen & Ogden, 1978; Shiffrin, 1988; 
Treisman, 1988; Wickens, 1984). 
The predominant view of the human's limited processing 
capacity has also left its mark on personnel selection and 
performance evaluation. Experimental paradigms used in the 
laboratory to study the functional loci and the limitations of 
attention have found applications in accident analyses and 
personnel selection test batteries. But unlike experimental 
psychology, the sole purpose of using these paradigms in accident 
prevention studies and personnel selection is to assess the 
individual's ability to time-share. The reason for this lies in 
the fact that in most complex systems operators have to monitor a 
number of different displays or signal sources and control 
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several continuous processes concurrently. In such a situation 
the operators are required to divide their attention among these 
relatively independent tasks, and the ability to do this without 
losing track of the overall picture is an important and desirable 
attribute. 
A pilot is subjected to similar demands, perhaps more so, in 
the air, and very frequently on the ground. For example, the 
pilot is usually found talking to air traffic control and 
completing the pre-takeoff checklist while taxiing out to the 
runway. These tasks are performed under an essentially forced-
pace schedule when the aircraft is airborne since it cannot be 
stopped and must be flown at a speed that would prevent it from 
stalling (Fleishman & Ornstein, 1967; Gabriel & Burrows, 1968). 
Because time-sharing is such a crucial element in the piloting of 
an aircraft, a variety of dual-task paradigms used in basic 
research to study attentional limitations have been proposed or 
are in the process of being incorporated into pilot selection 
batteries (Carretta, 1992; Damos, 1982; Fournier & Stager, 1976; 
Fowler, 1981; Park & Lee, 1992). 
Dual-Task Paradigms. 
In a typical dual-task paradigm subjects are asked to 
perform two tasks, each under two conditions: a single task 
condition (Primary task) in which full attention can be devoted 
to one task, and a dual-task condition where the a second task 
(Secondary task) is performed together with the primary task. 
Performance in the single-task condition serves as the baseline 
against which dual-task performance is evaluated. The basic 
assumption in these paradigms is that since the human's total 
information processing capacity is constant, performance will be 
degraded when the combined requirements of the tasks exceed the 
capacity of the processing system (Cellier & Eyrolle, 1992; 
Damos, Smist & Bittner, 1983; Navon, Gopher, ChiHag & Spitz, 
1984; Stager & Laabs, 1977; Wickens, 1984). Examples of task-
pairings in dual-task paradigms are given in Table 1. 
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Since the attentional demands experienced by a subject in a 
dual-task paradigm are similar to that experienced by a pilot in 
the cockpit, dual-task paradigms have become popular as pilot 
selection tools. When dual-task paradigms are used for this 
purpose, it is further assumed that even though the operators' 
performance would improve with practice, it is individual 
differences in time-sharing which would ultimately determine the 
overall level of performance. That is, it is held that certain 
individuals possess a general time-sharing ability which enables 
them to "schedule" their work such that the interference between 
tasks is minimized, and this ability is independent of the skill 
levels exhibited when the component tasks are performed by 
themselves. Following from this assumption, performance in a 
dual-task situation could be used as an index of processing 
capabilities and time-sharing skills, and hence, as predictors of 
performance in an operational setting (Damos, 1982; Fournier & 
Stager, 1976; Fowler, 1981; Gopher & North, 1974; North & Gopher, 
1974) . Whether effective time-sharing is achieved through rapid 
attention switching and/or divided attention is not an important 
issue in pilot selection. What matters is that the candidate has 
the "right stuff", i.e., time-sharing skills. 
Unfortunately, research in time-sharing has failed to 
produce strong evidence for a general time-sharing factor 
(Hawkins, Rodriguez & Reicher, 1979; Jennings & Chiles, 1977; 
Keele & Hawkins, 1982; Sverko, 1977; Tsang, 1986; Wickens, 1984; 
Wickens, Mountford, & Schreiner, 1981). In a review of the 
relevant literature, Braune and Wickens (1986) reported that for 
every paper citing the existence of a general time-sharing 
ability, there was at least one paper rejecting it. Ackerman, 
Schneider & Wickens (1984) suggested that this controversy could 
be traced to the methodological flaws and the lack of a 
theoretical framework defining the critical components of time-
sharing capability. The methodological problems are associated 
with the selection of the experimental tasks, control of practice 
effects and task reliability issues whereas the theoretical 
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problems have their roots in the simplistic view that time-
sharing performance can be investigated by the arbitrary pairing 
of any two or more tasks. 
An alternative strategy is to design a task that would 
isolate a particular aspect of time-sharing and to study the 
correlates of performance on that task. Such an approach was 
adopted by Gopher and Kahneman (1971) in their development of a 
test used to measure an individual's ability to switch attention 
from one information source to another. 
The Dichotic Listening Test. 
In the dichotic shadowing task pioneered by Cherry (1953), a 
different message, or sequence of words and/or digits is 
presented to each of the subject's ears. The subject's task is 
to "shadow" or repeat the input to one ear while refraining from 
repeating the input to the other ear. This task was adapted by 
Gopher and Kahneman (1971) to evaluate people's ability to 
control and switch attention in a variety of situations. 
Gopher and Kahneman's Dichotic Listening Test requires the 
subject to listen to two series of verbs and numbers presented 
dichotically. In the first part of the test, one of the ears is 
designated as the relevant channel and the target signals are the 
numbers presented to the relevant channel. Numbers are never 
presented simultaneously to both ears. For example, the listener 
might be instructed to report only the numbers presented to left 
ear while ignoring all the input to the right ear. The second 
part of the test follows immediately. The subject receives an 
indicator tone on the relevant channel to continue monitoring the 
same ear or to switch to monitoring the other ear. Numbers are 
then presented simultaneously to both ears, either immediately, 
or after the interpolation of one or two pairs of verbs. The 
subject reports only the numbers on the relevant channel while 
ignoring those in the other ear. 
Performance in the second part of the test, a function of 
the subject's flexibility in switching attention from one 
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relevant channel to another, was found to be most highly 
correlated to the subject's flying performance (Delaney, 1992; 
Gopher, 1982; Gopher & Kahneman, 1971). The Dichotic Listening 
Test has also been validated as a predictor of accidents among 
drivers (Arthur, Barrett &. Doverspike, 1990; Avolio, Kroeck & 
Panek, 1985; Barrett, Mihal, Panek, Sterns, & Alexander, 1977; 
Kahneman, Ben-Ishai & Lotan, 1973; Gopher & Kahneman, 1971; Mihal 
& Barrett, 1976). 
Relationship of the Dichotic Listening Test to Other Attentional 
Measures. 
Is performance in the Dichotic Listening Test a sufficient 
measure of the type of attentional abilities necessary for good 
flying performance? Given that the bulk of the information which 
pilots rely on to fly their aircraft is visual in nature, one 
might ask if a separate measure for visual information processing 
ought to be used in the selection of pilots. Fleishman and 
Ornstein (i960) identified six ability factors - Control 
Precision, Spatial Orientation, Multilimb Coordination, Spatial 
Orientation, Rate Control, and Kinesthetic Discrimination -
common to 24 separate flight maneuvers. While these qualities 
are still desirable aspects of airmanship, cockpit automation has 
led to a reduction in the amount of time a pilot spends on 
manipulating switches and hand-flying the aircraft. The "glass 
cockpits" in the latest generation of commercial aircraft no 
longer need a flight engineer, and the pilot's job is largely one 
of monitoring the computer-based systems. For instance, on the 
McDonnell Douglas MD-11, the management of the hydraulic, 
electrical, environmental and the fuel systems, previously the 
responsibility of the flight engineer, is now handled by four 
independent Automatic Systems Controllers. A Flight Management 
System controls the navigational and communications systems and 
the pilots do not have to initiate heading and radio frequency 
changes during the flight. The Flight Management System also 
provides vertical and lateral guidance to the Flight Control 
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Computer, and in turn, the Flight Control Computer manages the 
autopilot, flight director, automatic throttles and the pitch 
stability of the aircraft, and provides windshear detection and 
guidance data to the pilots (McDonnell Douglas, 1992) . 
Whether workload is reduced in the glass cockpit is an issue 
still under debate between manufacturers and some pilot unions. 
What is clear, however, is that there is a shift from manual 
control to supervisory control in terms of task demands (Hopkins, 
1992; Hughes, 1992). Pilots in glass cockpits have to monitor 
their instruments with greater vigilance, more so than before, to 
keep pace with what the automatic systems are doing to the 
aircraft. Furthermore, visual workload may have increased rather 
than decreased as a consequence of the physical changes in the 
instrument displays themselves (Hopkins, 1992; Hughes, 1992). 
Onboard the Boeing 747-400 for example, the information from the 
primary instruments, which on older aircraft are presented 
separately on individual electromechanical displays, are now 
integrated and presented on six 8 by 8 inch cathode ray tubes 
(see Figure 1). The Primary Flight Display integrates 
information that was previously found in 8 instruments 
(barometric altimeter; radio altimeter; attitude, airspeed, 
vertical speed, and heading indicators; flight guidance mode 
annunciator; and marker beacon) on a single CRT. Similarly, its 
Navigation Display combines the functions of the horizontal 
situation indicator, weather radar, and FMS map display. 
Integrating several displays onto a single screen reduces clutter 
on the instrument panel and is seen as step toward reducing the 
time and mental effort required to process the displayed 
information. But, in keeping with the "nothing is free" axiom 
(Figure 1 illustrates the tradeoff between the two cockpit 
types), there is now an increase in the clutter and information 
content in the Multi-function displays (MFDs) themselves, and 
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pilots may have difficulty obtaining the information they need 
from these integrated displays (see Figures 2 and 3)2. 
In using performance in the Dichotic Listening Test as an 
index of attentional abilities, Gopher et al., without performing 
any direct comparisons between the Dichotic Listening Test and 
measures of attentional abilities in the other modalities, 
assumed that the ability to control attention is a more central 
faculty and is not modality specific (Gopher, pg 174, 1982). 
Whatever evidence there is to support this assumption comes from 
studies utilizing visual and auditory detection tasks. In an 
experiment by Tyler, Waag & Halcomb (1972), subjects performed a 
monitoring task in a visual only, auditory only, and a 
simultaneous auditory-visual condition. Hits, false alarms, 
sensitivity, and response bias in all three conditions were found 
to be highly correlated. Colquhoun (1975), using stimuli and 
conditions similar to those in Tyler et al. (1972), found that 
subjects' performance across modalities was moderately 
correlated. He attributed this to a common factor of signal 
detectability. The observations from the above two studies are 
consistent with the results from Gunn and Loeb's (1967) who 
examined individual differences in the detection of auditory and 
visual pulse signals. They concluded that there are common 
factors underlying visual and auditory signal detection, and that 
these factors influence sensitivity as well as the response bias 
in reacting to the two kinds of signal. Whether these underlying 
similarities extend to more complex, semantic signals in the two 
modalities has not been investigated. 
Another study which examined the relationships between 
visual and auditory selective attention tasks was performed by 
2
 The criticisms for MFDs are equally applicable to other forms of integrated 
displays such as Head-up Displays (HUDs) and Helmet-mounted Displays (HMDs). In 
HUDs, attention switching may be impeded by the optical clutter, and cognitive 
capture occurs when a particular display demands a disproportionate share of the 
pilot's attention. A fuller account of the cognitive problems encountered by pilots 
using HUDs can be found in Weintraub and Ensing (1992; see also Roscoe, 1992; Sarter 
& Woods, 1990) . 
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Avolio, Alexander, Barrett & Sterns (1981). Avolio and his 
colleagues had questioned the validity of using scores in the 
Dichotic Listening Test as a predictor of performance in task 
requiring visual attention. The objective of their study was 
twofold: i) to develop a reliable measure of visual selective 
attention which could be used to predict individual differences 
in "real world" performance and, ii) to provide additional 
support for the existence of a central processing mechanism. 
Their subjects were given the Dichotic Listening Test and the 
Visual Selective Attention Test, a visual approximation of the 
Dichotic Listening Test. The stimuli in the first part of the 
VSAT were number and/or letter pairs presented in the center of 
the monitor. The stimuli in the second part of the Visual 
Selective Attention Test were always pairs of numbers preceded by 
0, 1, or 2 pairs of letters. Character size was .58° and the 
pair of characters were separated by 2.9°. In both parts of the 
test, subjects were cued to respond to the even numbers appearing 
in the left position and odd numbers in the right position or 
conversely, to respond to the odd and even numbers appearing in 
the left and right positions respectively. 
In addition to the Dichotic Listening Test and the Visual 
Selection Attention Test, the subjects in Avolio et al., (1981) 
were also given the Rod and Frame Test and the Group Embedded 
Figure Test3. Performance on the Rod and Frame (Witkin, Lewis, 
Hertzman, Machover, Meissner & Wapner, 1954) and the Group 
Embedded Figure Test (Witkin, Oltman, Raskin, & Karp, 1971) were 
used as a measure of perceptual information processing ability. 
The subjects' performance in the Visual Selective Attention Test 
was found to be significantly correlated to the Dichotic 
The apparatus in the RFT consists of a luminous rod surrounded by a 
luminous frame, both moving separately. In performing the test, the subject was 
seated on a chair, tilted to the left or to the right, in a darkened room. The 
rod and the frame were also displaced, either to the left or to the right of 
vertical, independent of the angle of tilt of the chair. During the course of 
each trial, the experimenter moved the rod and the subject task was to determine 
when the rod was in a vertical position. In the GEFT, the subject had to extract 
a relevant figure from a background of irrelevant stimuli. 
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Listening Test (r = .42). Both the Visual Selective Attention 
Test and the Dichotic Listening Test were significantly 
correlated with the Group Embedded Figure Test, (r = -.36 and r = 
-.30 respectively) but not the Rod and Frame. The correlation 
between the two attentional measures was not significantly higher 
than their corresponding relationships with the Group Embedded 
Figure Test. The moderate correlation between the Dichotic 
Listening Test and the VSAT could be due to the fact that the 
VSAT is not a true analog of the Dichotic Listening Test. On the 
other hand, as Avolio and his colleagues had pointed out, this 
could be an indication that there are different components of 
attention, which although related, are specialized processors of 
input in the different modalities. 
Hunt and his colleagues (Hunt, 1990; Lansman, Poltrock & 
Hunt, 1983; Hunt, Pellegrino & Yee, 1989) have found modest 
correlations between performance in visual and auditory focused 
and divided attention tasks. Subjects in Lansman et al. (1983), 
performed three separate tasks, first in the auditory and then 
the visual modality. In the "single channel" condition, the 
stimuli were presented to only one ear, or one position (left or 
right of center) in the visual display. In the "focused 
attention" condition, two series of letters were presented in 
simultaneous pairs to the two ears or at two positions but the 
subject knew in advance where the targets would appear. Stimulus 
presentation in the "divided attention" condition was the same as 
in the focused condition except that the subject had to respond 
to targets in the two ears, or both positions. The stimuli were 
12 letters from the alphabet, randomly arranged to give a 150-
letter long sequence. One of the 12 letters was designated as 
the target and the rest served as distractors. The spacing 
between targets ranged from 4 to 11 intervening distractors and 
the targets were presented with equal frequency in either ear or 
to the left and right of center of the monitor. Within modality, 
the correlations between the mean target detection times in all 
three conditions were found to be very high (r = .96 to .98 for 
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the visual stimuli, and .99 to .88 for the auditory stimuli). 
The cross-modality correlations of the mean target detection 
times were .58, .57 and .55 in the single channel, focused, and 
divided attention conditions respectively. These correlations 
are comparable with the correlations reported by Avolio et al., 
and suggest that the ability to focus or divide attention is not 
general across modalities. 
On the basis of the above studies, there is little support 
for the assumption that attentional abilities measured with an 
auditory task could, with high reliability, predict task 
performance that are dependent on visual information processing. 
Thus, even though the Dichotic Listening Test has been described 
as the best single overall measure of the ability to control 
attention (Hunt, Pelligrino & Yee, 1989), the Dichotic Listening 
Test should not be treated as an all purpose tool in the 
selection of candidates with the desired attentional abilities 
for pilot training. Instead, as Hunt and his colleagues have 
advocated, tests used in personnel selection, among other things, 
should be directed at evaluating domain-specific skills (Hunt, 
1990; Hunt, Pelligrino & Yee, 1989). In the case of pilot 
selection other tests of attentional ability, particularly those 
assessing control of visual attention, should be examined. 
However, visual attention tests validated for pilot selection are 
not available at present. Current selection procedures only 
require the pilot candidates to be tested for acuity of vision 
and evaluated on the Group Embedded Figure Test (for example, see 
Kantor & Carretta, 1987; Carretta, 1990, 1992). In spite of the 
importance of visual performance, researchers involved in pilot 
selection have not made any attempt to capitalize on the 
extensive effort that has gone into visual attention research. 
That individual differences in visual attention might be more 
relevant and reliable predictors of flying performance has not 
been investigated by applied researchers. Likewise, no 
systematic study has been conducted to determine how pilots with 
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superior flight skills differ from less proficient pilots in 
terms of their visual attentional abilities. 
The next section provides a brief review of the literature 
pertaining to the limitations in human visual performance. In a 
subsequent section I will outline how the different theories and 
empirical data could be incorporated in the design of visual 
attention tests suitable for pilot selection. 
Current Topics in Visual Attention. 
Models of attention in the visual field. Attending to a 
specific location in space facilitates detection and recognition 
of stimuli in that region of the visual field. There is abundant 
evidence that this occurs independently of where the eyes are 
fixated and various theories have been proposed to explain how 
this facilitation is obtained (Colgate, Hoffman & Eriksen, 1973: 
Kahneman, 1970; Posner & Boies, 1971; Posner & Cohen, 1987; 
Posner, Nissen & Ogden, 1978; Posner, Snyder & Davidson, 1980) . 
Attention has been depicted as having the properties of a 
spotlight. When directed at an object, perception of that object 
is facilitated (James, 1890/1950; LaBerge, 1983; Remington & 
Pierce, 1984; Shepherd & Mailer, 1989; Shulman, Remington & 
McLean, 1979; Tsal, 1983). Among the research supporting the 
spotlight metaphor is an important series of studies by Eriksen 
and his associates (Eriksen & Hoffman, 1972; 1973; Eriksen & 
Eriksen, 1974; Eriksen & Schultz, 1979). They described the 
attention spotlight as having a fixed size subtending no more 
than a degree of visual angle. Within the focus of attention 
stimuli are processed to a high level with considerable 
extraction of detail. Outside of this area, only the gross 
details of stimuli are processed. For example, in Eriksen & 
Eriksen (1974), subjects had to determine which of four target 
letters was present on a trial. The subjects pressed a button to 
two of the targets, e.g., "S" and "C", and another button to the 
other two targets, e.g., "H" and "K". On any trial, the target 
could be flanked by identical distractors ( H H H ), by 
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distractors from the same response category ( K H K ), or by 
distractors from the opposite response category ( C H C ) . 
Even though the subjects knew the location of the target, 
responses were slowed when the flanking letters were located less 
than about 1° visual angle from the target. This effect was most 
pronounced when the flanking letters and the target belonged to 
opposite response categories. This suggested that all the 
letters were identified and were evoking opposite and competing 
responses. The response competition interpretation has been 
supported by subsequent research and found to be a robust 
phenomenon (Eriksen & Schultz, 1979; Eriksen, Coles, Morris, & 
O'Hara, 1985; Flowers & Wilcox, 1982; Kramer, Tham & Yeh, 1991a, 
1991b). 
Jonides (1983) suggested that attention was more flexible 
than a fixed diameter spotlight. He postulated that the 
attentional mechanism could operate in either a focused mode or a 
distributed mode, depending on the types of environmental cues 
available to the individual. When a cue is highly predictive of 
the presence of a stimulus or stimuli, individuals focus their 
attention on the precued location. This allows attentional 
resources to be concentrated and the stimulus is processed 
rapidly. On those occasions when a cue is unreliable, attention 
is uniformly distributed over the entire visual field. In this 
case more stimuli can be processed but with a reduced efficiency 
compared to the focused mode. Eriksen and Yeh (1985), however, 
suggested that a zoom lens may be a more apt analogy for 
attention. Instead of a two-state process as proposed by Jonides 
(1983), the zoom lens could be focused in a graded manner, either 
to a limited area or across different size areas in the visual 
field. Thus, the zoom lens was proposed to operate along a 
continuum rather than as a two-state process. 
The theories and empirical results reviewed thus far adopt 
the position that attention cannot be split and must be allocated 
to contiguous regions of the visual field, and by implication, 
all stimuli within the focus of attention would receive equal 
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processing. However, other researchers have presented a 
contrasting picture of how attention is allocated to visual 
stimuli (for example, Baylis & Driver, 1992; Duncan, 1984; Driver 
and Baylis, 1989; Kahneman & Treisman, 1984; Kahneman, Treisman & 
Gibbs 1992; Rock and Gutman, 1981; Yantis, 1992). They propose a 
model of attention where instead of space, objects and perceptual 
groups provide the focal point for attention. That is, if 
attention is allocated to two stimuli simultaneously it is 
because they belong either physically or perceptually to a larger 
object, and not simply because of their proximity to one another. 
In object-based models, attention can be distributed across non-
contiguous space as long as the different locations are linked by 
grouping factors, i.e., common movement, color, etc. 
Among the data supporting an object-based model of attention 
are those of Humphreys' (1981), who reported a decrease in 
response competition effects when irrelevant stimuli were 
presented in a color different from the target (see also Baylis & 
Driver, 1992; Bundesen & Pedersen, 1983; Harms & Bundesen, 1983: 
Kramer & Jacobson, 1991). Banks and his colleagues reported 
performance decrements in a letter detection task when the target 
formed a gestalt with the surrounding noise element. This effect 
was independent of the display size or the proximity between the 
target and noise letters. On the other hand, increasing the 
number of noise elements actually led to an improvement in 
performance because the resulting perceptual grouping formed by 
the additional noise elements helped to segregate the target from 
the distractors (Banks, Bodinger & Illige, 1974; Banks & 
Prinzmetal, 1976; see also Bacon & Egeth, 1991; Baylis & Driver, 
1992; Duncan and Humphreys, 1989; Treisman, 1991). 
Voluntary and nonvoluntary control of the attentional 
system. The complexity of visual perception requires that 
selection mechanisms set priorities in the variety of visual 
tasks we perform in everyday life. For example, in the guided 
search model of Cave and Wolfe (1990), an activation value is 
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computed for each element according to its similarity to the 
target and its dissimilarity to the nontarget items in the 
environment. Similar models have also been proposed by Duncan and 
Humphreys (1989), and Treisman (1988, 1991). These models 
include a prioritization system which decides if the stimuli are 
to be processed sequentially or in parallel, and researchers have 
found that the characteristics of attentional cues in the 
environment play an important role in determining the priority 
assigned to stimuli. 
Several lines of research have investigated the phenomenon 
of attention capture by stimuli with abrupt onset4. Todd and 
Van Gelder (1979) found that saccadic eye movements in response 
to onset stimuli were faster than to no-onset stimuli. Yantis 
and Jonides (1984) hypothesized that this was because stimuli 
with abrupt onset capture attention. They tested this hypothesis 
by examining the efficiency with which subjects could detect a 
target in a multielement visual display as a function of whether 
the target was an onset or a no-onset stimulus. The rationale 
underlying their design was that if an abrupt onset item captures 
attention, then search time would be independent of display size. 
In contrast, search time for no-onset target items should 
increase linearly with display size. Their results were 
consistent with the attention capture hypothesis (Jonides &. 
Yantis, 1988; Yantis & Jonides, 1984; 1990) and have been 
confirmed by others (Muller & Rabbitt, 1989; Yantis & Jones, 
1991; Yantis & Johnson, 1990; but see Todd, 1993 for 
qualification). Yantis and his colleagues also found that in 
visual search with multiple onset items, the onset items received 
processing priority over no-onset elements. This priority can be 
reduced by degrading the stimuli and/or increasing inter-stimuli 
4
 An abrupt-onset stimulus is one which appears abruptly in a previously 
blank location. A no-onset stimulus is presented by first displaying the stimulus 
camouflaged by irrelevant line segments. When the line segments are removed, the 
no-onset stimulus is revealed (Todd & Van Gelder, 1979) . 
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similarity. The priority assigned to onset stimuli also decays 
with time, and it is possible that the decaying strength of the 
"priority tags" applies to transient events such as abrupt onset 
or movement but not to persistent selection cues such as color, 
shape, location, or shape (Yantis & Jones, 1991; Yantis & 
Johnson, 1990). 
Two other important distinctions between attentional cues 
are whether they are location or symbolic cues, and whether they 
are presented peripherally or centrally. In laboratory 
experiments, location cues appear in, or near the target 
location. Unless the target stimulus is presented at the 
fixation point, location cues typically appear in the peripheral 
visual field. Symbolic cues, as the name implies, are symbols 
(e.g., <—, —> ) appearing at a central or pre-fixated location 
alerting the individual to direct his or her attention to the 
relevant target location. 
Peripheral cues, like abrupt onset cues, capture attention. 
They have rapid cueing effects, reaching an asymptote within 100 
to 150 ms. Peripheral cues are hard to ignore even when subjects 
have been specifically instructed to do so and/or when performing 
a concurrent task. In contrast, central cues have slower effects 
and can be ignored. The magnitude of the effects of these cues 
are dependent on their information value, and whether subjects 
are performing a concurrent task (Humphreys & Bruce, 1989; 
Jonides, 1981, 1983; Yantis & Jonides, 1984, 1990). 
The distinction between peripheral and central cues has a 
parallel in Posner's (1980) exogenous and endogenous attentional 
systems. The exogenous system is driven by external stimuli 
whilst the endogenous system can be controlled voluntarily. The 
two attentional systems can interact in such a manner that a 
peripheral cue engaging the exogenous system may inhibit the 
detection of a central target by the endogenous system. 
Inhibition of the endogenous system allows external stimuli to 
divert or draw attention to their locations in the visual field. 
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Conversely, inhibition of the exogenous system by the endogenous 
system allows the individual to ignore irrelevant background 
stimuli while attending to the stimulus of interest (Breitmeyer & 
Valberg, 1979; Humphreys & Bruce, 1989; see Van der Heijden, 1992 
for a review). Therefore, the ability to divide attention 
between objects may be true of one but not both attentional 
mechanisms. More importantly, how attention is allocated to the 
visual world is determined by the interplay of the individual's 
information processing strategy, the types of attentional cues in 
the environment, and the characteristics of the stimuli 
themselves. 
Fate of unattended stimuli: Negative priming and inhibition 
of return. The above discussion has focused on the facilitatory 
effects of attention. Recently, researchers have begun to 
examine the inhibitory aspects of attention. The model of 
attention that is now emerging incorporates the notion that 
excitatory and inhibitory processes are working in tandem in our 
everyday perception of the world, and that the contribution of 
each process is dependent on the specific nature of the task 
being performed. According to this concept, selective inhibition 
of distracting material is most likely to emerge in tasks where 
the individual has to maintain a selective state of attention 
toward some task-related events in the presence of task-
irrelevant material. 
Two researchers who have made a major contribution to our 
knowledge of this inhibitory process are Trammel1 Neill and 
Steven Tipper. They proposed that selection of relevant 
information for processing requires an active inhibition of 
irrelevant information. For example, Tipper (1985) presented 
subjects with pairs of overlapping line drawings and asked them 
to name one of the pictures. RT was slowed when the target 
drawing (probe) was identical or categorically related to the 
ignored drawing in the preceding (prime) trial. A picture of a 
cat was named more slowly if the picture of a dog was ignored in 
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the previous trial. Tipper coined the term "Negative Priming" to 
describe the inhibitory effects accompanying the successful 
selection and processing of the task-relevant stimuli. This 
serves as a contrast to "positive priming" where the attended 
stimulus facilitates the subsequent processing of a related item 
( e.g., responding to "NURSE" is facilitated if the previous 
response was "DOCTOR" ). 
Negative priming occurs across a wide range of stimulus 
material and task requirements. Negative priming can also 
operate at either a physical or abstract level of representation. 
Other results suggest that negative priming does not reflect the 
inhibition of a response per se, or the relationship between a 
particular stimulus and a specific response. Neill, Lissner and 
Beck (1990) showed subjects a series of 5-letter stimuli and 
asked to them judge if the second and fourth letters in each 
stimulus were "same" or "different". Neill et al. found that the 
subjects responded more slowly when the target included a 
previously ignored letter, regardless of whether the same 
response was required in the two trials (see also Tipper, 
MacQueen & Brehaut, 1988). 
Research on negative priming has revealed that there are 
individual differences in people's ability to ignore or suppress 
task irrelevant information. Schizophrenics exhibit diminished 
negative priming (Beech, Powell, McWilliams & Claridge, 1989), 
and individuals with schizoptypal traits showed positive priming 
in conditions that normally yield negative priming (Beech, Baylis 
& Claridge, 1989; Beech and Claridge, 1987). The failure to 
inhibit distracting information has also been observed among very 
young children (Tipper, Bourque, Anderson, & Brehaut, 1989) and 
older adults (Hasher, Stoltzfus, Zacks & Rympa, 1991; Tipper, 
1991; but see Kramer, Humphrey, Larish, Logan & Strayer, 1993). 
Once the inhibitory process is completed, its effect persists for 
a considerable period of time before dissipating. Experimental 
data shows that there is a steep decline in negative priming 
between 500 and 1000 ms after a response to the prime (Neill & 
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Valdes, 1992), and then remaining relatively unchanged up to an 
interval of 1350 to 6600 ms (Tipper, Weaver, Cameron, Brehaut 
and Bastedo, 1991). 
There is also an association between negative priming and 
effective cognitive functioning within the population of normal, 
young adults. Tipper and Baylis (1987) found that negative 
priming was negatively correlated with cognitive failures as 
measured by Broadbent's "Cognitive Failure Questionnaire" 
(Broadbent, Cooper, FitzGerald & Parkes, 1982)5, i.e., cognitive 
failures are associated with less inhibition of distracting 
information. A recent paper by Gernsbacher and Faust (1991) 
suggests that general comprehension skill also depends on the 
ability to inhibit irrelevant information. 
Tipper, and Neill proposed that selective attention included 
the process of actively inhibiting a response to the ignored 
stimuli. If not maintained by an attentional set, this 
inhibition may decay rapidly. The inhibitory process, viz., 
negative priming, prevents irrelevant stimuli and internal 
representations from competing for the control of cognition and 
behavior, and allows individuals to override their past 
experiences and give priority to weaker associations, or less 
salient environmental events (Neill, 1991; Neill, Lissner & Beck, 
1990; Tipper, 1985; Tipper & Cranston, 1985; Tipper, Eissenberg, 
& Weaver, 1992) . 
Another form of inhibition observed in visual attention 
experiments is the "inhibition of return" (IOR) effect. When 
peripheral cues are used to direct subjects' attention to 
particular locations in the visual field, target detection at the 
cued location is facilitated at short cue-target stimulus onset 
asynchrony (SOA). However, when the SOA is about 300 ms or 
longer, facilitation is replaced by inhibition and the latencies 
5
 The Cognitive Failure Questionnaire was designed to measure self-reported 
lapses of perception, memory, and motor functioning. Respondents estimate how 
often such lapses ( e.g., "Do you fail to notice signposts on the road?" ) occur 
on a five-point scale. 
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of ocular and motor responses to a target at the cued location 
are increased relative to a non-cued location (Maylor, 1985; 
Maylor & Hockey, 1985; Posner & Cohen, 1984; Tipper, Driver & 
Weaver, 1991). The previously searched location appears to be 
"tagged" and it is difficult to reattend this location. 
The I OR effect has a duration of about one to two seconds, 
and results from experiments with static stimuli suggest that it 
is centered on, or near the originally attended location as 
expressed in environmental coordinates (Maylor & Hockey, 1985; 
Posner & Cohen, 1984); with dynamic stimuli, IOR seems to be 
object-centered (Tipper, Driver & Weaver, 1991). These findings 
are consistent with Maylor and Hockey's (1985) observations that 
IOR could be obtained with stimuli presented to peripheral or 
foveal vision. Thus, IOR may be one of the means by which the 
nervous system avoids repetitive sampling of the same spatial 
location and objects while facilitating the processing of novel 
information in the visual environment. 
Summary. The ability of individuals to divide their 
attention over several information sources is finite and people 
resort to different strategies to overcome this limitation. One 
alternative is to rapidly switch attention toward cues which 
predict the most likely locations of the stimuli of interest, or 
to selectively attend to unique features in the stimulus such as 
color, movement, or by perceptually grouping the relevant stimuli 
into wholes or objects. People's ability to focus attention is 
also limited and very often relevant and irrelevant stimuli are 
processed simultaneously. In these situations, performance is 
impaired not only by the competition for perceptual resources but 
also from response competition. As a means of allocating 
attentional resources more efficiently, the brain temporarily 
inhibits attention from being directed to a previously attended 
location. At the same time, selectively attending to a stimulus 
involves the active inhibition of responses to the irrelevant 
stimuli in the attended area. The outcome of these inhibitory 
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processes is manifested differently across individuals. People 
who experience more negative priming seem to be less susceptible 
to response competition, and are also least prone to cognitive 
failures. 
Individual Differences in Visual Attention: Implications for 
Pilot Selection. 
Gopher and his colleagues provided us with an important tool 
for evaluating attentional control in the form of the Dichotic 
Listening Test. However, the considerable progress in visual 
attention research since the introduction of the Dichotic 
Listening Test as a pilot selection tool brings to light some of 
its inadequacies. As we have seen in the literature review, 
there are many facets to attention. Gopher et al., on the other 
hand, simply viewed attention as a dichotomy - divided and 
focused - and used the terms "focused" and "selected" 
interchangeably. While these distinctions may be appropriate for 
the auditory modality, the difference between divided and focused 
attention is not so clear in the visual modality. "Focusing" on 
a visual stimulus does not always mean the exclusion of 
irrelevant stimuli from the attention spotlight/zoom lens (e.g. 
Negative Priming Effect). Similarly, "selection" of a visual 
stimulus does not necessarily lead to the exclusive processing of 
that stimulus. Efficiency of focusing is reflected in the 
diminished response competition experienced by the individual 
whereas efficient selection is manifested as an increase in 
negative priming. Instead of being one and the same construct, 
the empirical data suggests that "focusing" and "selecting" are 
separate processes making unique contributions to the overall 
visual information process. 
Another shortcoming of the Dichotic Listening Test is that 
it does not provide a measure of an individual's ability to 
integrate information from different sources. Neither can the 
Dichotic Listening Test determine an individual's susceptibility 
to attention capture by peripheral cues or the degree to which 
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his or her visual scanning behavior is influenced by endogenous 
factors. In a dynamic and information rich environment like the 
flightdeck, minor system deviations or failures that are not 
critical in themselves may evolve or interact over time to become 
a major threat. Whether flying in a traditional or glass 
cockpit, a pilot's efficiency at integrating information from the 
instruments and the external environment (for example, see 
Roscoe, 1992) is as important as his or her ability to focus and 
select from a single information source, or dividing his or her 
attention over the whole instrument panel. Given these 
considerations, it is apparent that the Dichotic Listening Test 
is not sufficient to assess an individual's control over 
attention in particular, and visual performance in general. 
Instead, to obtain a composite picture of a pilot candidate's 
attentional abilities, multiple tests are required. 
In order to test the hypothesis that flight performance 
abilities are associated with more than attention switching or 
time-sharing skill, the following study was carried out with a 
test battery (described in the section below) that would permit 
the assessment of a broader spectrum of an individual's 
attentional abilities than that afforded by dual-tasks paradigms 
or the Dichotic Listening Test6. 
Investigations of expert performance have produced evidence 
for the domain specificity of superior performance. A recent 
review by Ericsson, Krampe & Tesch_Romer (1993) found little 
evidence that a person highly skilled in one domain can transfer 
the skill to another. For instance, elite athletes are able to 
react faster and make better perceptual discriminations to 
representative situations in their respective domains, but their 
6
 It should be emphasized here that the visual attention tests by themselves 
cannot replace existing test batteries. Despite their shortcomings, psychomotor 
and intelligence tests are important since performance on those tests provides a 
measure of the candidate's potential at acquiring complex motor and non-motor 
skills. On the other hand, performance in the attentional tasks may be a more 
reliable predictor of flight performance in the long run. 
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simple reaction times and perceptual acuity to simple stimuli in 
laboratory tests do not differ systematically from those of other 
athletes or control subjects (see also Regnier, Salmela & 
Russell, 1993 and Starkes & Deakin, 1985). Master chess players' 
superior memory for brief presentations of the positions of chess 
pieces in hypothetical games (de Groot 1966; Chase & Simon, 1973) 
is eliminated when chess pieces are presented in random 
arrangements (Chase & Simon, 1973; Ericson and Smith, 1991). 
Furthermore, the performance of master chess players on standard 
tests of spatial ability is not reliably different from control 
subjects (Doll & Mayr, 1987). Likewise, Voss and Post (1988) 
found that nondomain experts (chemists) solved political science 
problems like novices. 
In the light of the evidence that experts excel mainly in 
their own domains, the tasks making up the test battery were 
chosen, based on the hypothesis that the basic attentional 
processes measured by these paradigms are similar to those 
required for piloting an aircraft. Therefore, in the validation 
of these tasks as pilot selection tools, experienced pilots would 
be expected to perform better on the test battery than their less 
experienced counterparts. 
The Visual Attention Battery. 
The Visual Attention Battery consists of seven laboratory 
paradigms. Like the Dichotic Listening Test, variations of these 
tasks have been used widely to study particular aspects of 
attention. With the extensive database available for each task, 
interpretation of test results is relatively straightforward. 
However, unlike the Dichotic Listening Test, these tasks are 
sensitive to the deficiencies in visual attention which cannot be 
revealed by the auditory test. A description of the seven tests 
and the rationale for their inclusion in the battery is given 
below. Graphical representations of the stimuli and trial 
presentation sequences are shown in Figures 4-11. 
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Scanning and integrating information. An aircraft in flight 
moves in three dimensions and the pilot has to constantly 
integrate the information within a single instrument, or from two 
or more instruments to obtain an accurate picture of the 
aircraft's location in space. As an example, the position of the 
aircraft symbol on the pitch ladder, and the symbol's bank angle 
on the Attitude and Direction Indicator tell the pilot whether 
the aircraft is in an unusual attitude when flying in clouds. 
When flying an Instrument Landing System (ILS) approach, a pilot 
uses the displacement of both the localizer and glide slope 
needles, and the altimeter, to determine if the correct descent 
profile is being flown. Thus, a major portion of the pilot's 
instrument monitoring task is devoted to the integration or 
conjoining of different "features" (e.g., deflections of pointers 
and/or positions of symbols in the displays), and deciding if 
these integrations match a target, i.e., the desired flight 
profile. In the present study, the subjects' ability to perform 
integrate features was evaluated using a conjunction search task 
similar to Treisman and Gelades's (1980). The task required the 
subject to search for a target against a background of varying 
numbers of distractor elements, and the target itself was defined 
by a combination of features from the distractors (e.g., a green 
T target surrounded by red Ts and green Xs distractors). 
Treisman's feature search task (Treisman & Gelade, 1980) was 
used to determine subjects' efficiency in performing parallel 
searches (e.g., detecting a malfunctioning display among the 
array on the instrument panel). The feature search task was 
similar to the conjunction search task in all but one respect -
the target was defined by a unique feature (for example, a red X 
located in a background of green X). In the present study the 
slopes of the conjunction and feature search functions were used 
as indices of information integration and attentional scanning 
speed. 
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Focused attention and cost of selection. Given the clutter 
in an instrument display (for example, see Figure 2), a pilot's 
response to a relevant information source, for example, the 
ALTIMETER, is dependent on the extent to which irrelevant and 
competing sources of information on adjacent instruments, say, 
the Attitude and Direction Indicator, and the Vertical Speed 
Indicator (VSI), are inhibited. Eriksen and Eriksen's (1974) 
response competition paradigm provided a suitable measure of the 
subjects' efficiency at focusing on relevant information. On the 
other hand, the cost of efficient selection, as reflected in the 
speed and accuracy in obtaining information from an instrument 
previously ignored (e.g., the VSI), was determined using Neill, 
Lissner and Beck's (1990) negative priming paradigm. 
Susceptibility to the Inhibition of Return. Aircraft 
systems are rarely in a static state and a pilot has to sample 
the same displays systematically and repeatedly in order to 
update his mental model of the aircraft's status. How 
efficiently this is carried out is determined by how likely the 
pilot redirects attention to a previously sampled display. The 
test that was used to measure the subjects' susceptibility to the 
inhibition of return was adapted from the paradigm used by Posner 
and Cohen (1985) where the RT and accuracy of responses to a 
target displayed in a previously attended position were used as 
measures of an individual's resistance to the inhibition of 
return. 
Dividing Attention and attentional flexibility. Although 
potentially useful information is always displayed in known 
locations in the cockpit, viz., the dials and the CRTs on the 
instrument panel, the relative importance of the information in 
each instrument varies across the different phases of flight. 
For example, the Instrument Land System is utilized only during 
the approach and landing phases but not during the takeoff phase. 
Optimal use of information from the instruments is therefore 
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dependent on how the pilot prioritizes his or her allocation of 
attention over the various instruments and the pilot's 
flexibility in changing this priority to match the situation. 
The subjects' ability at dividing their attention was evaluated 
with a variable priority visual search task similar to the one 
used by Sperling and Melchner (1978). In this task, subjects 
were instructed to allocate their attention to one of two 
stimulus arrays according to different priority schedules. The 
accuracy and RT decrements in detecting the target in the 
different priority conditions were then used as a measure of the 
subjects' time-sharing abilities. 
A second task, modelled after Posner, Snyder, and Davidson's 
(1980) was used to evaluate the subjects' attention flexibility. 
The task called for the subjects to press a response key as soon 
as they detect the onset of a target. In one condition, the 
target location was cued with a cue that was valid on 70 percent 
of the trials. In the other, cue validity was 50 percent. RTs 
and accuracy in this task were used as measures of the subjects' 
flexibility at adapting to the two cue validities. 
Summary. All else being equal, better pilots were expected 
to show little response competition and strong negative priming. 
They would be resistant to the IOR, and could easily change their 
attention allocation strategy when the situation demanded such 
changes. Finally, the better pilots were expected to be able to 
rapidly scan a display for relevant information. 
Whether this characterization of the ideal pilot holds true, 
and whether pilots with different level of flight experience can 
be distinguished on the basis of their performance on the Visual 
Attention Battery was investigated in the following experiment. 
Experiment 1 also examined the feasibility of the Visual 
Attention Battery as a pilot selection tool by comparing its 
reliability against the Dichotic Listening Test in predicting the 
performance of trainee pilots in a Private Pilot Certification 
course. 
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Experiment 1 
To be useful for pilot selection, the tests in the Visual 
Attention Battery must first demonstrate their ability at 
discriminating between individuals with different levels of 
piloting skills. To that end, the Visual Attention Battery was 
administered to two groups of subjects with disparate levels of 
flight experience. In addition, the two groups of subjects 
performed a simulated Instrument Flight Rules (IFR) flight so 
that the hypothesis that there is an association between 
attentional abilities and the flight performance of pilots could 
be tested. 
Second, the experiment provided a more thorough examination 
of the relationship between the different visual attentional 
abilities. At present, no within-subject study like this has 
been undertaken, and there is no evidence to suggest that 
performance in any one aspect of visual attention control can 
predict performance in the others (cf. Gopher, 1982; Gopher & 
Kahneman, 1972). For example, it is not known if an individual 
with good performance in a divided attention task will be equally 
proficient in a task requiring focused attention. If performance 
in the different tests are highly correlated, then the evaluation 
of pilot candidates can be simplified by eliminating those tests 
which are redundant. However, if weak correlations between the 
different tests are found, it would strengthen the argument that 
multiple tests are necessary for assessing specific attentional 
abilities. More importantly, determining how the different forms 
of attentional control are related will make available a 
significant piece of information currently missing from the 
attention research literature and provide researchers with a 
clearer picture of how the interaction of these abilities govern 
performance in a complex task like flying. 
Finally, the validity of the Visual Attention Battery as a 
pilot selection tool was compared against the Dichotic Listening 
Test and Broadbent's Cognitive Failures Questionnaire. If the 
Visual Attention Battery is a more sensitive measure of attention 
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as hypothesized it should account for a greater proportion of 
variance in the trainees' flight performance relative to the 
Dichotic Listening Test. 
As mentioned earlier, cognitive failures are associated with 
reduced ability to inhibit distracting information. If the 
Cognitive Failure Questionnaire is found to be highly correlated 
with the other measures of attention, then it might be more 
economical to replace the attention tests with the Cognitive 
Failure Questionnaire, or, to use the Cognitive Failure 
Questionnaire as a quick screening test to determine if it was 
worthwhile for a candidate to go on to the actual Visual 
Attention Battery. 
Method 
Subjects. 
Subjects for the study were recruited from the student and 
instructor pilot population at the University of Illinois' 
Institute of Aviation. Twenty-six trainee pilots from the AV 101 
class (Part 1 of the Private Pilot Certification course) and 35 
instructor pilots participated in this experiment. The subjects 
were paid $5 an hour for participating in the experiment. 
To control for the slowing of motor responses due to aging, 
the instructors participating in this study were restricted to 
those in the same age group as the students. The mean age of the 
instructors was 23.26, with a range of 21 to 31 years. The mean 
age of the trainee pilots was 18.73, and the range was 18 to 27 
years. Subjects were tested for normal vision, and for color 
blindness with the Ishihara Color-blindness Test prior to their 
being administered the attention tasks. 
Experimental tasks and material. 
A questionnaire was used to collect demographic and flight 
experience data from all the subjects (see Appendix 1). 
The seven tests constituting the Visual Attention Battery 
were generated on Dell 326SX PCs and displayed on 14-inch VGA 
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monitors. Subjects made their responses via the keyboard. A 
Radio Shack SCT-24 tape deck, connected to a Radio Shack SA-150 
amplifier and PRO-30 stereo headphones was used to present the 
Dichotic Listening Test. 
The flight simulation task was generated on a Gateway 2000 
PC and displayed on a 19-inch color monitor. Subjects maneuvered 
the "aircraft" with a 2-axis joystick while speed was adjusted 
with a joystick-mounted throttle button. 
Feature Search Test. The test consisted of two variations 
of a search task. In the "color" search (see Figure 4), the 
subject searched for a target defined by a unique color (red), 
and in the "form" search (see Figure 5) the task is to search for 
a unique form ( the letter 0 ). Each block of trials consisted of 
an equal number of three display set sizes (5, 11, and 25), and 
an equal number of target-present and target-absent trials . 
In the "color" search, the target-present stimulus was a red 
X (target) located randomly within an array of green X 
(distractors). In the "form" search, the target-present stimulus 
was a red 0 (target) located in red Ts (distractors). For the 
target-absent trials in both the color and form searches, the 
target was replaced by a distractor letter. 
Each trial began with a "Press spacebar" message on the 
screen. Immediately after the spacebar was pressed, the stimulus 
was displayed in the center of the screen and the subjects had to 
respond as quickly as they could. A target-absent response was 
made via the "F" key on the keyboard, and a target-present 
response with the "J". The subject had to make a response within 
1500 ms. Each subject received 60 trials of practice before 
performing two blocks of 180 experimental trials in the color and 
form search conditions. 
Conjunction Search Test. Each block of trials consisted of 
an equal number of three display set sizes (5, 11, and 25), and 
an equal number of target-present and target-absent trials. The 
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subject's task was to determine if a green "X" was present in 
each trial. 
The distractors in every target-present display were an 
equal number of red Xs and green Ts. In the target-absent 
trials, the target letter was replaced by one of the distractors. 
The test was self-paced and the subject initiated each trial by 
pressing the spacebar (see Figure 6). As in the feature search, 
the stimulus display was replaced by the "press spacebar" if no 
response was made after 1500 ms. Speed and accuracy were 
emphasized. Target-present and target-absent responses were 
mapped to the F and J keys respectively. The subjects performed 
two blocks of 180 trials after a 60-trial practice. 
Response Competition Test. A display consisting of a target 
letter and two distractor letters was presented on each trial. 
The target was one of the upper case letters 5, C, X, and Y, and 
the subjects was required to indicate if the target belonged to 
one of two response sets (S and C versus X and Y) by pressing the 
F and the J key respectively. The distractors were always pairs 
of the same letter and could be one of the four target letters. 
The displays were "compatible" when the distractors belonged to 
the same response set as the target (for example, S C S or X Y 
X), and "incompatible" when the distractors were from the 
opposite response set (X C X or S Y S ) . 
The test was self-paced and the subject pressed the space 
bar to initiate each trial (See Figure 7). A fixation cross 
appeared on the screen for 250 ms and was replaced by the 
stimulus array with a duration of 200 ms. The subjects had 1500 
ms to make a response. The test included 60 trials of practice 
and two blocks of 180 experimental trials. Performance was 
measured in terms of speed and accuracy. 
Negative Priming Test. The trials in this self-paced task 
were presented as couplets (pairs of prime stimulus and probe 
displays). A trial began with the subject pressing the spacebar. 
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A 250 ms fixation cross appeared immediately to be replaced 100 
ms later by the 5-letter prime, e.g., "A C A C A" or " A C A D 
A". The subject was required to decide whether the second letter 
matches the fourth letter in the stimulus array. The 5-letter 
probe stimulus, e.g., "W A W A W" or "W A W M W" was presented 
after a response-stimulus interval (RSI) of 350 ms. Again, the 
subject had to decide whether the second letter matches the 
fourth letter (see Figure 8). The reappearance of the "Press 
Spacebar" message after the subject's response to the probe 
signified the beginning of a new trial. 
There were 2 blocks of 160 experimental trials. Fifty 
percent of the trials were ignored repetition trials, and the 
rest were control trials. Match and mismatch primes appeared 
with the same frequency, and there was equal probability of a 
match or a mismatch probe appearing after either type of prime. 
The same distractor letter was used in the first, third and fifth 
positions of the prime. For ignored-repetition trials, the 
distractor in the prime was identical to at least one of the 
target letters in the succeeding probe stimulus. In the control 
trials, the letters used as the target and distractors in the 
prime stimulus was never used in the succeeding probe. 
In both prime and probe displays, the current distractors 
were always different from the current target letters, and no 
letters appeared as a target (or distractors) on two successive 
trials. Match/mismatch responses were made with the F and J 
keys. Subjects were given 40 practice trials before the 
experimental trials. 
Inhibition of Return / Attention Capture Test. Three boxes, 
each subtending 1° of visual angle from a viewing distance of 
about 90 cm were displayed on the screen. The left and right 
boxes were located 6° edge to edge from the central box. Each 
trial began with the subject fixating on a .1° cross in the 
central box. The test was self-paced and the subject pressed the 
spacebar to initiate a trial (see Figure 9). This was followed 
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by a 150 ms brightening (cueing) of one of the side boxes. Both 
side boxes had an equal probability of being cued. This was 
followed immediately by a 100 ms brightening of the central box. 
On target-present trials, the target was displayed after a 
(central) cue-target SOA of either 100 or 600 ms. The subject 
was required to press the J key as soon as the target, a solid 
square target of .1°, appeared in one of the boxes. The fixation 
cross reappeared on the screen after each response. 
The probability of the target appearing in the left, right, 
and the central box was .2, .2, and .5 respectively, and there 
was an equal number of target-present trials at each SOA. The 
remaining 10 percent of the trials were catch trials where the 
target did not appear. The subjects were instructed to refrain 
from making a response if the target did not appear. The 
fixation cross reappeared on the screen after an interval of one 
second following the onset of the cue in the catch trial. Each 
subject performed 60 practice and two blocks of 140 experimental 
trials. 
Divided Attention Test. On every trial, two circular 
stimulus arrays were displayed concentrically in the center of 
the screen (see Figure 10). The outer array consisted of 12 
letters located in the 12 positions of a clock face. The four 
letters in the inner array were located at the 12, 3, 6, and 9 
o'clock positions. The letters occupying the same clock positions 
in the inner and outer arrays were separated by 1.2° center to 
center, and the opposing letters in the inner array were 
separated by .6° when viewed from 90 cm. The size of a letter 
in the inner array subtended .38° vertically and .25° 
horizontally, whereas a letter in the outer array measured .42° 
by .28° to compensate for the reduction in acuity with increasing 
eccentricity from fixation. 
Half of the trials were target-present trials where one of 
the letters in the relevant stimulus array was replaced by the 
number 5.. The subjects' task was to determine as accurately as 
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they could whether the target, viz., 5_, was present every time 
the stimulus array was displayed. There was only one target in 
any target-present trial, either in the outer or inner array, and 
the target appeared with equal frequency in the two arrays. In 
the divided attention condition, the subjects were instructed to 
allocate attention to the inner and outer stimulus arrays 
according to the following priority schedule: 80/20; 50/50; and 
20/80. 
There were also two single task control conditions in which 
the subjects were required to allocate all their attention to 
either the outer or the inner array. In the single task 
condition, should the target appear in the array in which the 
subject was not instructed to attend, the correct response would 
be a target absent response. The difference in detection 
accuracy between subjects' single and dual-task performance 
provided a measure of timesharing effectiveness. 
Each condition was run as a separate block of 100 trials. 
Subjects received 20 practice trials in each condition. The test 
was self-paced and each trial was initiated with a spacebar 
press. This was followed by the appearance of a 250 ms fixation 
cross. The two stimulus arrays were presented 100 ms after the 
offset of the fixation cross and remained on the screen for 150 
ms. The target-present and target-absent responses were made via 
the F and J keys respectively. As a means of reminding the 
subject of the prevailing priority schedule, the subject was 
required to enter the respective ratio into the computer via the 
keyboard before the test program would run. 
Attention Flexibility. The test was a simple reaction time 
task and the subject was to make a key press as soon as the 
target, a solid square of .1° appeared. There were two 
conditions in the test. In the neutral condition, two bar cues 
measuring 1° and separated by 14° were displayed 150 ms after the 
subject initiated the trial. Cue onset duration was 100 ms. On 
target present trials, the target was displayed at one of the 
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cued locations, 200 ms after the offset of the cues (See Figure 
11) . The target had an onset duration was 100 ms, and it 
appeared with equal probability at the left, and right cued 
location on 90 percent of the trials. No target was presented on 
the remaining ten percent of the trials. 
In the valid condition, a single cue appeared at trial 
initiation. The target would appear at the cued location on 70 
percent of the trials and at the uncued location on 20 percent of 
the trials. Ten percent of the trials were catch trials where no 
target was displayed. 
The subjects were informed of the cue validities and were 
given a practice of 60 trials in the respective cue conditions 
prior to performing a single block of 140 trials in the neutral 
cue condition, and two blocks of 140 trials in the valid cue 
condition. 
Dichotic Listening Test. The subject's task was to write 
down the numbers presented to the relevant ear while ignoring the 
input to the other ear. The test messages were divided into two 
parts. In the first part, two series of words and numbers were 
presented dichotically. Numbers were never presented 
simultaneously to both ears. A 250 Hz indicator tone presented 
to the left ear, or a 2500 Hz tone to the right ear at the 
beginning of the experiment designated it as the relevant 
channel. Each ear was designated as the relevant channel with 
equal frequency. One and a half seconds after the tone, 16 pairs 
of words, or a word and a number was presented with either two or 
four digits presented to the relevant ear, and six digits to the 
irrelevant channel. The performance measure in this part of the 
test was the number of omission and intrusion errors made by the 
subject. 
The second part of the test follows immediately, and the 
subject received another tone on the channel being monitored, 
indicating that he or she should either continue to monitor the 
same ear, or to switch to monitoring the other ear. The 
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requirement to switch ears occurred on 50 percent of the trials. 
As in part 1, the 250 Hz tone indicated that the left ear was the 
relevant channel, and the 2500 Hz tone meant that the right ear 
was relevant. Three pairs of numbers were then presented 
simultaneously to both ears, either immediately, or after the 
interpolation of one or two pairs of verbs. Performance in part 2 
is measured in terms of switching, omission and intrusion errors. 
The stimuli were presented at a rate of two pairs of 
numbers/words per second in both parts of the test. Each subject 
was given a practice with 6 sets of these messages and then 
tested on another 24 sets. 
Cognitive Failures Questionnaire. The questionnaire 
consisted of 25 questions pertaining to failures in perception, 
memory and motor function (see Appendix 2). Subjects reported the 
frequency they had experienced these events over the past six 
months by circling the appropriate answers which ranged from 
"Never" to "Very Often" on a five-point scale (0 - 4). Since all 
the questions were worded in the same direction, the subjects' 
scores on the questionnaire was simply the sum of the numbers 
circled. 
Flight simulation. A gateway 2000 computer with an SVGA 
graphics card was used to generate the flight simulation 
scenario. The instrument panel with the standard primary cockpit 
instruments, instructions to the pilot, and a planview of the 
maneuvers to be flown were displayed on a 19-inch color monitor 
(See Figure 12). The entire display subtended 29° horizontally 
and 22.5° vertically from a viewing distance of 66 cm. The 
maneuvers were flown with a side-stick mounted on the right 
armrest of the subject's seat. Power changes were made via a 
throttle button located on top of the control stick. The 
subjects flew the simulation in its entirety as a practice before 
the data collection session. The flight maneuvers in the 
simulation are illustrated in Figure 13. Subjects were 
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instructed to keep within +/- 5 knots, and +/- 50 feet of the 
speed and altitude specified for each maneuver. Turn rate was to 
be maintained at 180°/min, and climb and descent rate was 500 
ft/min with an allowed error margin of +/- 5ft/min. 
Procedure. 
All subjects completed the personal data questionnaire, the 
Cognitive Failures Questionnaire, Dichotic Listening Test, the 
Feature Search, Conjunction Search and Response Competition tests 
on the first day. The Negative Priming, Inhibition of Return, 
Divided Attention Test, and the Attention Flexibility tests were 
completed on the second day. The instructors and trainees 
performed the flight simulation task on the third day. 
Criterion Measures. 
Since one of the objectives in this experiment was to 
examine how the attentional abilities of pilots vary with their 
flight performance, the number of hours of instruction received 
by the trainees prior to going on their first solo flight, 
performance rating on the first checkride, and the number of 
hours to qualify for the first checkride served as the criterion 
measures to determine the extent to which differences in their 
attentional abilities associated with the differences in their 
flight training performance. 
Given our interest in the contribution of attentional 
differences towards piloting skills, the flight simulation task 
provided us with a common measure of flight performance on which 
the experienced and inexperienced pilots can be evaluated. The 
criterion measures from the flight simulation were regressed on 
the attention measures to determine the extent to which each of 
the attentional abilities contributed to the variance in the 
instructors and trainees' flight performance. 
Performance in flight training (Trainee pilots only). The 
Private Pilot Certification program in the Institute of Aviation 
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lasts approximately eight months. During this time the trainee 
pilots were enrolled in two courses: AV 101 and AV 120. 
Students in AV 101 were allotted 18 hours to qualify for 
their first solo flight. Depending on their competence, students 
were allowed to go on their first solo flight before completing 
the 18 hours. After their first solo flight, students underwent 
a check-ride (Lesson 12 check-ride). This was followed by another 
2.5 hours of instructional flight time before the student proceed 
to AV 120. 
During the checkride, the trainee was rated (pass or fail) 
on their proficiency in eight areas of airmanship. A sample of 
the Lesson 12 check-ride form used in the evaluation of the 
trainee is shown in Appendix 3 (night flying was not tested). 
Trainees must obtain a pass on every item on the list in order to 
pass the checkride, and they were allowed a single retest if they 
failed the first one. A trainee passing the check-ride on the 
first attempt would have accumulated 25 hours (inclusive of solo 
and check-ride time) of flight time at the end of AV 101. 
The training program required a student failing the second 
checkride to enroll in remedial courses before another checkride 
was provided. Students who did not demonstrate the level of 
competence necessary for the first solo flight after the allotted 
18 hours were also required to sign up for extra instructional 
hours. 
In order to determine how much of the variance in the 
trainee pilots' performance in flight training could be 
attributed to the variance in their attentional skills, their 
flight time before going solo, the number of instructional hours 
they received (including remedial hours) before they pass the 
Lesson 12 checkride, and the Lesson 12 checkride scores served as 
separate criterion measures in a series of stepwise regression 
analyses performed on the attentional measures. 
Performance on the flight simulation task. The 14 maneuvers 
in the flight simulation task are illustrated in Figure 13. 
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Twenty performance parameters were recorded as the pilots flew 
each maneuver (see Appendix 4). The three composite measures, 
the total percentage deviation from the criteria for altitude 
control and climb/descent rate (P_VERT), total percentage 
deviation from the criteria for heading control and turn rate 
(P_LAT), and the total percentage deviation from the speed 
control criterion (P_SPD) from segments 8, 10 and 13 served as 
the criterion measures. 
Each of the flight performance measures provided us with an 
index of how the pilots' "real-world" performance covaries with 
their attentional abilities. For example, in changing airspeed 
while executing a turn to a given heading without a loss in 
altitude (for example, see segment 8 in Figure 13) a pilot would 
have to give equal priority to attending to the direction gyro 
(compass) and turn-coordinator, the airspeed indicator, and the 
altimeter and vertical speed indicator, and to be able to 
integrate the information provided by these instruments in order 
to perform the flight maneuver correctly. On the other hand, if 
the maneuver required the pilot to maintain straight and level 
flight at a constant airspeed (e.g., segment 13 in Figure 13) the 
appropriate strategy would be to attend to the speed indicator, 
the direction gyro, and the altimeter. The more efficiently the 
pilots attend to, and respond to the instruments, the smaller 
would be their deviation from the acceptable speed, heading and 
altitude criteria specified for each flight maneuver. 
Results 
In Experiment 1 we tested the hypothesis that the flight 
skills of pilots are correlated with their attentional abilities, 
and that individual difference in these abilities can be revealed 
by the experimental tasks commonly used in the laboratory to 
study these attentional phenomena. The instructors and trainee 
pilots in this study were recruited on the basis of the disparity 
in their flight experience. If the laboratory tasks we have 
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chosen were the appropriate tools to measure attentional effects, 
and given the large difference in the flight training and 
experience of the instructors and trainees then performance 
scores on these task should fall into two identifiable 
distributions. Of course, this assertion depends on the 
existence of a relationship between attentional skills and flight 
proficiency. 
The dependent measures recorded in the attentional tasks 
were response times and accuracy. However, the focus of this 
study is on individual differences in attentional effects, e.g., 
slopes of search function, response competition effects, negative 
priming effects, etc., and not the magnitude of speed or accuracy 
per se. Experienced pilots were hypothesized to show efficient 
search performances, both feature and conjunction. Instructors 
were also expected to experience less response competition and 
strong negative priming, and they would be able to change their 
attention allocation strategy when the situation demanded such 
changes and not succumb to inhibition of return. 
The first step in our examination of the data was to 
perform a series of analyses of variance (ANOVA) on the various 
attention measures to determine if instructor and trainee pilots 
do indeed differ in aspects of attentional control. Next, a 
series of discriminant analyses were performed to determine if 
the two groups of subjects could be classified correctly on the 
basis of their performance on the attentional tasks, and the 
degree to which the combination of these tasks with the Dichotic 
Listening Test would enhance the discrimination between skilled 
and novice pilots. Lastly, a series of regression analyses was 
carried out to determine the extent to which the variance in 
flight skills could be accounted for by the attentional measures. 
Of the 35 instructor and 26 trainee pilots who participated 
in the experiment, four instructors and two trainees failed to 
complete either the Visual Attention Battery or the flight 
simulation task. The partial data sets from those subjects were 
not submitted to the analyses reported here. 
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Age. 
Because of our concern for the slowing of cognitive and 
motor processes with age, care was taken to match the instructors 
and trainees for age. The age of the instructors in the study 
ranged from 21 to 31 years, with a mean of 23.26. Trainee pilots 
fell within the age range of 18 to 27 and the mean was 18.73. 
Given the nature of piloting skills, age is highly correlated 
with flight experience and in spite of our attempt at 
counterbalancing the age factor, a t-test showed that the age 
difference between the instructor and trainee pilots was 
significant (t53=8.32, p < .01). 
Flight Hours. 
At the time they were tested, the trainee pilots had 
accumulated between 8 to 32 flight hours, with a mean of 17 hours 
while the instructors' flight time was between 210 to 3500 hours, 
with a mean of 768 hours. A t-test revealed that the difference 
in flight time between the two samples of pilots to be 
significant (t30=5.59, p < .01, corrected for unequal variance). 
The age of the pilots was also found to be highly correlated with 
the pilots' accumulated flight hours (r=.81, p < 0.01). 
Dichotic Listening Test. 
The use of this test as a pilot selection tool in the 
Israeli Air Force revealed that successful flight candidates made 
a significantly smaller number of errors than their unsuccessful 
counterparts. Gopher and his colleagues also reported that error 
measures on the Dichotic Listening Test could reliably 
discriminate between pilots with different levels of flight 
expertise (Gopher and Kahneman, 1971; Gopher, 1982). On the 
basis of these findings, the instructor pilots in this study were 
expected to perform this test with a significantly smaller number 
of errors than the trainee pilots. 
The Dichotic Listening Test was divided into two parts and 
the scoring of the errors is as follows: Performance in the first 
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part was measured in terms of omission and intrusion error. The 
subjects were required to report the numbers in the relevant 
channel in the same order as they were presented and a failure to 
report a digit presented to the relevant ear was scored as an 
omission error. Reporting a number presented to the ignored 
channel was scored as an intrusion error. Intrusion errors in 
part 1 of the test were used as a measure of a failure in focused 
attention. As Gopher and Kahneman (1971) had pointed out, 
omission errors were probably temporary lapses of a "general set 
to listen". 
Performance in the second part of the test was scored in 
terms of switching, omission and intrusion errors. The relevant 
channel for the second part of the test was made known to the 
subject via a low pitched (monitor left ear) or high pitched 
(monitor right ear) tone presented at the end of the test message 
in part 1. An error, either omission or intrusion, in reporting 
the first number following the switch signal was recorded as a 
switching error. 
The omission and intrusion errors in part 2 were also sorted 
into three categories. Recall that the numbers in the second 
part of the Dichotic Listening Test were presented as a series of 
three pairs, either immediately, or after a single or two 
intervening pair(s) of words following the switch signal. 
Omissions and intrusions in the series of numbers presented 
immediately after the switch signal were identified as omission.0 
and intrusion 0 errors respectively. Omissions and intrusions in 
the number series presented after the switch signal and the 
single pair of intervening words were identified as omission 1 
and intrusion.1 errors. Likewise, omissions and intrusions in 
the series following the switch signal and the two pairs of 
intervening words were identified as omission 2 and intrusion 2 
errors. 
The purpose of classifying the errors in part 2 according to 
the above scheme was to provide a measure of how quickly the 
subjects were able to switch attention to the relevant channel 
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following the onset of the switch signal. Thus, consistently 
large numbers of intrusion_0, intrusion_l, and intrusion_2 errors 
in a subject's performance would be interpreted as accruing due 
to a failure to switch attention. On the other hand, if 
intrusion_0 errors were occurring at a higher frequency than 
intrusion_l or intrusion_2 errors, then this would be an 
indication that the subject had detected the switch signal but 
was slow to reorient to the new source of information. 
According to the manner in which switching errors were 
determined, switching errors were composites of the individuals' 
omission and intrusion errors in part 2. However, the switching, 
omission, and intrusion nomenclature was maintained to keep to 
the scoring convention established by Gopher and his colleagues 
(Gopher, 1982; Gopher and Kahneman, 1971). 
A summary of the errors made by the two groups of subjects 
in the Dichotic Listening Test is given in Table 2. There was no 
significant difference in the number of omission and intrusion 
errors made by the two samples of pilots in the first part of the 
Dichotic Listening Test. 
In the second part of the test, the number of switching 
errors made by the trainee pilots was significantly greater than 
the instructors' (t3B= -3.75, p < .01, corrected for unequal 
variance). Their omission_0 (t53= -3.3, p < .01), omission_l 
(t2B= -2.65, p < .01, corrected for unequal variance) and 
intrusion_0 (t53= -3.01, p < .01) errors were also greater than 
the instructors'. 
Given that switching errors included omission errors from 
part 2, using switching errors alone as an index of switching 
difficulties may not be as revealing as the use of intrusion 
errors. The fact that the significant difference between the two 
groups after the switch signal was only in intrusion_0 errors 
(with omission_0 and omission _1), and in the absence of a 
significant group difference in the number of intrusion_2 errors, 
suggests that the trainees poorer performance in part 2 was due 
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to their inability to switch their attention as quickly as the 
instructors and not because they failed to switch attention. 
Given our interest in determining how performance on the 
Dichotic Listening Test covaries with flight experience, the 
error scores on the Dichotic Listening Test and the scores on the 
Cognitive Failures Questionnaire, together with the age and the 
flight hours of the subjects were submitted to a correlation 
analysis. The Pearson correlation coefficients between these 
dependent variables are shown in Tables 3 to 6. 
As shown in Table 3, flight time was not correlated with 
omission and intrusion errors in the first part of the Dichotic 
Listening Test. Instead, flight time was moderately correlated 
with the switching errors in. the second part of the test (r = 
-0.33, p < .01), and with the omission of target digits presented 
immediately after the switch signal (r = -0.44, p < .01), as well 
as with digits presented after an intervening word following the 
switch signal, i.e., omission_l, (r = -0.28, p < .05). There was 
also a negative relationship between flight time and intrusion_0 
errors, (r = -0.4, p < .01) indicating that the less experienced 
pilots were more likely to make these errors. Switching errors 
were positively correlated with all but the omission_2 and 
intrusion_2 errors in the second part of the test (see Table 6). 
This correlation is to be expected given the manner in which a 
switching error is defined. 
In the light of the results from the t-tests and the 
correlation analysis it is apparent that there was no difference 
between the trainee pilots and the instructors in focused 
attention (e.g., intrusion errors in part 1) as measured by the 
Dichotic Listening Test. What the data suggest instead is that 
the inexperienced pilots were less facile at attention switching, 
and this is seen in their switching attention more slowly rather 
than not switching to the relevant channel. 
Initial analyses of variance (ANOVA) performed on the 
performance measures from the Visual Attention Battery revealed 
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significant response time (RT) difference between trainees and 
instructors on some of the tasks. An examination of the data 
(see Figures 14-25) showed that the mean response latencies of 
the instructors were generally longer than the trainees. 
The instructors' slower RT might be attributed to their 
being older than the trainee pilots. There is unambiguous 
evidence in aging research to support this view of a slowing in 
processing speed with an increase in age (Botwinick & Thompson, 
1966; Cerella, 1985; Salthouse, 1985; Weiford 1977; Wickens, 
Braune & Stokes, 1987). For instance, Wickens, Braune and Stokes 
(1987) found an age effect when they examined the information 
processing performance of a group of subjects comprising 
individuals drawn from four age cohorts - 20-26; 27-39; 40-52; 
53-65 years. Their results revealed a linear increase in 
processing speed from the youngest to the oldest group. The RT 
trend exhibited by instructors in the present study is also 
similar to the results obtained by North and Gopher (1976) when 
they compared the RTs of instructor and student pilots in a digit 
cancellation task. North and Gopher noted that the instructors 
were significantly slower than the student pilots even though 
there was only a difference of six years between the mean age of 
instructors and students. 
In view of the significant age difference between the 
instructor and trainee pilots, a series of analyses of covariance 
(ANCOVA, using the age of the subjects as a covariate) was 
performed on the data from the Visual Attention Battery to see if 
the RT difference between instructors and trainees would still be 
obtained when the age difference between the subjects was taken 
into account. The factors, and the different levels of each 
factor entered into the ANOVAS/ANCOVAS are summarized in Table 7. 
Since both mean and median RTs exhibit similar trends in all 
the tests administered to the subjects, only the results from the 
ANCOVAs performed on median RT and accuracy data are reported in 
the following summary. 
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Feature Search Task. The attentional effect of interest in 
this study is the subject's efficiency in searching through the 
array for the visual target. The measure of search efficiency 
was the slope across display set sizes (see Table 8), and the 
accuracy in target detection. RTs, accuracy, and slopes from the 
search tasks were submitted to separate ANCOVAs. The RT and 
accuracy data are summarized in Figures 14-17. 
ANCOVAS with the Group factor (instructors and trainees) 
serving as the between subject variable were performed on the 
color, and form search slopes. The ANCOVAs revealed no 
statistical difference between the search slopes of the two 
groups in the target present (p > .5) and absent (p > .6) trials 
of the color search, and target present (p > .3) and absent (p > 
.7) trials of the form search7. 
A 4-way Group x Setsize (5,11,25 items) x search-type (color 
and form) x Trial-type (target-present and target-absent) ANCOVA 
performed on the RT data also revealed that the difference 
between the RTs in the two search tasks, the RT difference across 
set sizes, and the group effect were not significant 
statistically. 
The accuracy data was submitted to a 4-way, group x setsize 
(5/11/25) x search-type (color/form) x trial-type (target-
present /target-absent) ANCOVA. Accuracy in the color search was 
found to be significantly higher than the form search (Fli51=8.0, 
p < .01). The instructors' accuracy in the two search tasks was 
higher than the trainees' (F1(102=7.96, p < .01). Significant 
setsize by group (F2,io2=3.06, p < .05), search-type by group 
(Fi,51=9.90, p < .01), and setsize by type by group (F2;102=5.16, p 
< .01) effects were also obtained. As shown in Figures 14 - 17, 
these interactions were due to the different rates at which 
In the initial ANOVAs performed on the slope data, a significant difference 
was found between the two groups' search slopes on the target-absent trials in the 
color search (F1>52=5.05, p< .05). Significant group difference was also revealed 
in the search slopes of the target-present trials (F1>52=4.3, p< .05), and target-
absent trials (F1>52=4.63, p< .05) in the form search. In all three cases, the 
instructor pilots' search slopes were steeper than the trainees. 
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accuracy decreased for each subject group in the two search 
conditions, and across setsizes. In the target present condition 
of the color search, instructors and trainees performed with 
essentially the same accuracy in setsize 5 and 11 before accuracy 
declined at setsize 25 (see Figure 14). This decrement in 
accuracy was greater for the trainees than for the instructors. 
Accuracy on the target absent trials of the color search was 
higher than the target present trials, and remained more or less 
constant across the three setsizes (see Figure 15). When the 
target was present in the form search, instructors and trainees 
performed with the same accuracy at setsizes 5 and 11. This was 
followed by a marked decrease in accuracy at setsize 25, with the 
trainees again showing a larger decrement than the instructors. 
In the target absent condition of the form search, accuracy for 
the two groups of pilots actually increased from setsize 5 to 
setsize 11 before declining at the largest setsize. 
The conclusion that can be drawn from the above results is 
that instructors have an advantage in terms of accuracy in 
responding over the trainees in preattentive searches like the 
two paradigms used in this study. Whether this is a natural 
ability, or one acquired from their flight training will be 
investigated further in Experiment 2. 
Conjunction Search Task. As with the Feature Search task, 
our primary interest was the subjects' search efficiency as 
measured by the slopes of their RT functions (see Table 9). The 
ANCOVAs, with Group as a between subject factor, performed on the 
slope data revealed no statistical difference between the two 
groups in the target present trials (p > .6) and in the target 
absent (p > .7) trials8. 
In the initial ANOVAs performed on the slope data, a significant difference 
was found between the two groups' search slopes in the target-present trials 
(Fli!2=6.77, p< .01) as well as in the target-absent trials (Fli52=4.76, p< .05). In 
both conditions, the instructor pilots' RT increased more quickly than the trainees 
with an increase in display setsize. 
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The RT data was submitted to a three-way ANCOVA. The 
variables were Group, Setsize and Trial-type. As shown in 
Figures 18 and 19, RTs to the target present trials were faster 
than the target absent trials (F1/102=5.89, p < .05). The RT 
difference across setsize was not significant (p > .1). More 
importantly, the difference in RT between instructors and 
trainees was not statistically significant (p > .5). 
The accuracy data was submitted to a similar ANCOVA. 
There was a significant setsize x trial-type x group interaction 
(F2>102=3.04, p < .05). This interaction could be accounted for by 
the fact that the instructors were performing more accurately 
than the trainees in the smallest setsize of the target present 
condition while the trainees were performing with higher accuracy 
than the instructors on the largest setsize of the target absent 
condition. On the face of the results obtained here, the 
trainee pilots did not differ significantly from the instructors 
in terms of their attentive search performance. 
Response Competition Task. In this task, the attentional 
effect of interest was the response-compatibility effect, i.e., 
the difference between the RT (and accuracy) obtained in the 
compatible and incompatible conditions. The size of this effect 
is used as an index of subjects' ability at focusing attention on 
the target letter and ignoring the distractors. The rationale is 
that the competition from an opposite response from the adjoining 
letters would be reduced to the extent that the subject was able 
to focus attention on the target. 
The RT and accuracy data were submitted to a two-way Group x 
Compatibility (compatible, incompatible) ANCOVA. There was no 
significant difference between groups, or group x compatibility 
interaction for RT. On the other hand, the ANCOVA on the 
accuracy data revealed a significant compatibility x group 
interaction (FliS1=6.64, p < .01). The instructors and trainees 
accuracy was statistically equivalent in the compatible 
condition. However, the trainees displayed a significantly 
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larger decrement in accuracy in the incompatible condition. This 
pattern of performance is consistent with the interpretation that 
the trainee pilots were less able to ignore the distractors when 
focusing on the target letter. 
The results obtained here contrast with the results of the 
Dichotic Listening Test. The Dichotic Listening Test did not 
reveal any difference in the trainee and instructor pilots' 
ability to focus attention on the relevant stimulus (see Table 
2) . In the Response Competition task however, the trainees' 
inefficiency at focusing on the relevant stimulus was manifested 
as a more pronounced response compatibility effect for accuracy 
(see Figure 20). To determine the extent to which the subjects' 
performance in the Dichotic Listening Test covaries with 
performance on the Response Competition task, the errors in the 
Dichotic Listening Test and the response compatibility measures 
were submitted to a correlation analysis. The subjects' flight 
time was also included in the analysis so that the relationship 
between flight experience and the response compatibility effect 
could be examined. The correlations are shown in Table 10. 
Consistent with the results of the ANCOVA, the response 
compatibility effect (accuracy) is negatively correlated with 
flight time (r= -0.37, p < .007). The correlation between the 
response compatibility RT effect and intrusion errors in part 1 
of the Dichotic Listening Test was marginally significant (p 
<.07) suggesting that there was little shared variance between 
focal attention in the visual and auditory modalities. Taken 
together with the results of our earlier analyses, this suggests 
that an individual's attentional skills may be partially modality 
specific and the ability to focus one's attention in the auditory 
modality is partially independent of focusing attention in the 
visual modality. 
Inhibition of Return Task. The task was designed to 
measure the delay, viz., the inhibition of return effect, in the 
subject's redirecting his or her attention to a previously 
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attended location in space. The magnitude of this effect was 
obtained by subtracting the RT to the target appearing at the 
uncued location from the RT to the target at the cued location 
(see Table 11). In the short SOA (100 ms) condition, this 
difference should be a negative value since RT to the cued 
location should be faster than the RT to the uncued location. If 
inhibition of return is occurring, then at the longer SOA (600 
ms) condition, the difference in RT between cued and uncued 
location should be a positive value since the subject's RT to the 
cued target would be longer because of the delay in his or her 
reattending to that cued location. Thus, the magnitude of the 
inhibition of return effect exhibited by each group can be 
examined by evaluating the difference between cued and uncued RTs 
at the two SOA conditions. The inhibition of return effects 
measured in terms of RT and accuracy were submitted to two-way 
Group x SOA (100ms and 600ms) ANCOVAs. No significant group 
difference was found for RT or accuracy. As shown in Figures 21 
and 22, instructors had slower RTs and higher accuracy than the 
trainees in both SOA conditions. 
RTs were also submitted to an ANCOVA with Group, SOA and 
Target Location (cued, center, uncued) as the factors. A 
significant SOA x Target Location interaction was found 
(Fi.io2=4.24, p < .02), and this can be accounted for by the fact 
that both groups of subjects were responding faster to the uncued 
location in the 600 ms condition. Thus, both instructors and 
trainees displayed inhibition although there was no significant 
difference between instructors and trainees (see Table 11) . No 
significant effects were obtained in the analysis of the accuracy 
data. 
Negative Priming Task. The attentional effect under 
evaluation in this task was the difference in RT (and accuracy) 
between the control condition and ignored-repetition trials. If 
negative priming is occurring, then RT to the ignored repetition 
trials should be slower than the RT in the control condition. In 
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the context of this experiment, negative priming was used as an 
index of how effectively the pilots were inhibiting the 
processing of irrelevant information. 
The RT and accuracy obtained by the instructor and trainee 
pilots in the two conditions are summarized in Table 12 and 
Figure 23. RT and accuracy data were submitted to ANCOVAs with 
Group as a between subject factor. The result of the ANCOVA 
revealed a significant group difference in negative priming 
effect measured in terms of accuracy (F1-5i=4.07, p < .05) but not 
for RT. As shown in Figure 23, the difference in accuracy 
between ignored repetition and control trials was larger for the 
instructors than for the student pilots. The student pilots 
showed a larger RT difference between the ignored repetition and 
control trials but this was not significantly different from the 
instructor pilots'. 
To enable us to gain a better understanding of how negative 
priming effect is correlated with errors in the Dichotic 
Listening Task, the performance measures from the two tasks were 
submitted to a correlation analysis. Individuals displaying a 
greater negative priming effect would be expected to be better at 
inhibiting the processing of irrelevant stimuli and should be 
making a smaller number of intrusion errors. Hence, a negative 
correlation between these two measures was expected. However, 
the analysis revealed no significant correlation between negative 
priming effects and performance on the Dichotic Listening Test 
(see Table 13). This suggests that selective attention as 
measured by the Dichotic Listening Test may not be correlated to 
the individual's selective attention ability in the visual 
domain, and thus providing further support for the argument that 
multiple tests should be used to assess the various attentional 
processes. 
Divided Attention Task. In this task, our interest lies 
in the performance decrement (i.e., the difference between 
single-task and dual-task condition) in RT and accuracy. Single 
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task RT was obtained by summing the median RTs in the two single-
task conditions (0out_100in, and 100out_0in) and calculating the 
arithmetical mean. RT in each of the dual-task conditions was 
obtained by first summing the RT to the target in the inside 
array, RT to the target in the outside array, and RT of the 
target-absent response, and then calculating the arithmetical 
mean: 
(RTinside + R T o u s t s i d e + RT t a r g e t . a baent ) ' 3 • 
Dual-task decrement in terms of RT in each of the dual-task 
conditions was the difference between single-task and dual-task 
RT. Single task, dual-task, and dual-task decrement (Dual-task 
accuracy - Single-task accuracy) in terms of accuracy were 
calculated in a similar manner. The subjects' RTs and accuracy 
in the single-task and dual-task conditions are summarized in 
Figure 24. 
To compare the performance of the trainees and instructors, 
an ANCOVA, with Group and Condition (20inside_80outside, 
50outside_50inside, 80outside_20inside) was performed on the 
dual-task decrement (RT and Accuracy) measures. A significant 
group difference in dual-task decrement (RT) was revealed 
(Fi.5i=5.37, p < .05). However, there was no significant 
difference between the instructors and trainees in dual-task 
decrement (accuracy). As can be seen in Figure 24, the 
instructor pilots displayed a greater dual-task decrement in RT. 
This result runs counter to our expectation that the instructors 
would be more proficient than the trainees in performing these 
tasks. A possible explanation for this is that the trainees 
could have been sacrificing accuracy for speed. Even though both 
instructors and trainees showed statistically equivalent 
decrements in terms of accuracy the overall accuracy of the 
trainees was significantly lower than the instructors (Fli5i=6.44, 
p < .01) . 
That the instructor might be more cautious in general is 
also supported by the analysis performed on the RT and accuracy 
in the single task performance. Instructors were slower than the 
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trainees (Flfl04=6.25, p < .01) but more accurate (Flil05=8.54, p < 
.01)in the performance of the single task 
Attention Flexibility. In a typical cueing paradigm like 
the one used in this experiment, RT decreases with an increase in 
cue validity (for example, see Posner, Snyder & Davidson, 1980) . 
The attentional effect we were expecting to see in this task is 
fast RTs to targets appearing at the cued location and slower RTs 
to targets appearing in the invalid cue condition, with RTs in 
the neutral condition falling in between, i.e., RTneutral condition -
RTced condition should be significantly larger than RTneutral Condition -
R-*-invalid cue condition • 
The RTs and accuracy in the three (single, neutral, and 
uncued) conditions were submitted to ANCOVAs with Group as the 
between subject factor, and Cue-type (single, neutral, and 
uncued) as the within subject factor. No significant difference 
between the two groups, either in terms of median RT and accuracy 
scores or attentional effects, was revealed. There was also no 
difference between the RTs in the three cue conditions but as 
shown in Figure 25, the RT trend was opposite to what we had 
expected. RT was slowest at the single (70% valid) cue 
condition and fastest at the uncued position. There seemed to be 
some speed accuracy tradeoff for both instructors and trainees, 
but the difference in accuracy across conditions did not reach 
statistical significance. This trend cannot be attributed to a 
criterion shift since the fast RTs were accompanied by high 
accuracy. The cause of this phenomenon may be due to the fact 
that in the experiment, the two blocks of valid-cue trials were 
preceded by the block of trials in the neutral condition and the 
subjects could have retained the strategy they adopted in the 
earlier block of trials. Given that the cues in the earlier 
block did not predict where the target was appearing, the best 
strategy for the subject was to expand their attentional focus to 
encompass the two possible target locations. If this strategy 
was carried over to the valid cue condition, then the onset of 
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the single cue, followed by the target in the cue location might 
be sufficient to bring about some form of inhibition of return 
effect, i.e., attention was summoned once before to the cued 
location, and would be slowed if it was to be redirected to that 
location again when the target appeared. 
Cognitive Failures Questionnaire. 
Tipper and Neil (1987) found a negative correlation between 
negative priming and cognitive failures as measured by the 
Cognitive Failures Questionnaire. This questionnaire was 
included in this study to see how scores on the questionnaire 
would correlate with the other attentional measures. If the 
questionnaire scores correlated highly with the attentional 
measures, then the Cognitive Failures Questionnaire could be used 
as a fast and cheap means of determining if it would be 
worthwhile to put a flight candidate through a more intensive 
series of tests to evaluate his or her attentional abilities. 
There was no significant difference between the instructors 
and trainees' scores on the questionnaire. The mean score for 
the instructors and trainees" on the questionnaire was 1.40, and 
1.48 respectively. The scores on the questionnaire were 
submitted to a correlation analysis with the errors on the 
Dichotic Listening Test. The result from this analysis is shown 
in Tables 3 and 4. No significant correlation between the 
Cognitive Failures Questionnaire and the Dichotic Listening Test 
measures were found. 
A similar correlation analysis was performed on the 
questionnaire scores and all the measures from the Visual 
Attention Battery. The correlation matrix from this analysis is 
shown in Table 14. The scores from the questionnaire were 
correlated with the dual-task RT decrements at in the 
20outside_80inside and in the 80outside_20inside conditions. One 
possible interpretation of this correlation is that cognitive 
failures may be associated with the subjects failing to attend to 
all the relevant events in their environment. Significant 
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correlations with the Attention Flexibility measures were also 
found. However, given that the results in the Attention 
Flexibility Task were opposite to what is normally obtained, this 
analysis is difficult to interpret. 
Discriminating between instructors and trainees. 
Performance on the tasks in the Visual Attention Battery 
must be a reliable index of piloting expertise if the battery is 
to be of any utility to pilot selection. To determine the 
validity of the Visual Attention Battery for such a role, a 
series of linear stepwise discriminant analyses were performed on 
the data from the Visual Attention Battery and the Dichotic 
Listening Test to determine which particular combination of 
attention measures would best discriminate between the two groups 
of pilots. 
For each of the following discriminant analyses, the 
discriminant variables were selected and retained in the 
discriminant function only if their contribution to 
discriminating between the two groups were significant at the p < 
.05 level. 
The classification data reported below are cross-validated 
accuracy rates. The cross-validation process treats n-1 out of n 
observations as a training set and it evaluates the discriminant 
functions based on these n-1 observations and then applies them 
to classify the one observation left out. This is repeated for 
every observation in the data set. The classification rate for 
each group is the proportion of sample observations in that group 
that is classified correctly (SAS Institute, 1990). 
Because the Dichotic Listening Test had previously been 
shown to discriminate between novice and expert pilots (Gopher, 
1982; Gopher & Kahneman, 1971), the error scores on the Dichotic 
Listening Test were first submitted to a stepwise discriminant 
analysis so that a baseline classification rate could be 
established. Subsequent stepwise discriminant analyses were then 
performed on the attention effects obtained from the other tasks, 
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with and without the inclusion of Dichotic Listening Test scores, 
to determine if the use of the Visual Attention Battery data 
would increase the classification rate beyond the baseline. 
To determine if the median RT and accuracies rather than the 
attention effects per se differ between the two groups of pilots, 
a second series of discriminant analyses were performed on these 
measures, again with and without the inclusion of the error 
scores on the Dichotic Listening Test. This would allow a 
comparison to be made between the classification accuracies 
obtained with the two types of discriminant variables, i.e., 
attention effects versus median RTs and accuracies. 
The two series of discriminant analyses that were performed 
and the respective performance measures submitted as discriminant 
variables in each series is summarized below: 
First Series of Discriminant Analyses 
i) with only the Dichotic Listening Test error scores to 
provide a baseline classification rate. 
ii) with the attentional effects measured with the Visual 
Attention Battery. 
iii) with the combined error scores from Dichotic Listening 
Test and the attentional measures from the Visual 
Attention Battery -
a) Dichotic Listening Test scores forced in; 
b) Attention effects and Dichotic Listening Test 
scores as selected by the statistic program. 
Second Series of Discriminant Analyses 
i) with median RT and accuracy obtained on the Visual 
Attention Battery. 
ii) with the combined error scores from Dichotic Listening 
Test and the median RT and accuracy from the VAB -
a) Dichotic Listening Test forced in first and, 
b) RT and accuracy and Dichotic Test scores as 
as selected by the statistic program. 
Classification rates obtained from the stepwise discriminant 
analyses described above are shown in Table 15 and the 
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discriminant variables (significant at p < .05) entered in each 
model are presented in Table 16. A more detailed summary of the 
discriminant analyses can be found in Appendices 7-13. 
Discriminant Analysis with Dichotic Listening Test data. 
The nine types of error from the Dichotic Listening Test were 
submitted to a stepwise discriminant analysis. Twenty-five 
instructors and 15 trainees were correctly classified, providing 
an overall correct classification rate of 72.7 percent. Six 
instructors and nine trainees were misclassified. 
The sole discriminant variable entered, and retained in the 
stepwise procedure was switching error which accounted for 
approximately 23 percent of the variance between the two groups 
(p < .01). This is consistent with the moderate correlation 
obtained by Gopher (1982). 
Discriminant Analysis with Attentional Effects. The 
stepwise discriminant analysis using the attentional effects from 
the Visual Attention Battery as discriminant variables classified 
26 instructors, and 14 of the trainees correctly. Four 
instructors and nine trainee pilots were misclassified. The 
overall correct classification rate was 74.1 percent with the 
response compatibility effect (accuracy) and the slope of the RT 
function in the conjunction search task (target present trials) 
entering in the first and second steps respectively. 
Discriminant Analysis with Attention Effects and Dichotic 
Listening Test errors. Two separate stepwise discriminant 
analyses were performed on the combined attention effects and 
Dichotic Listening Test data. "Forcing" the error scores from 
the Dichotic Listening Test into the discriminant function 
produced an overall classification rate of 77.8 percent, with 25 
instructors and 17 trainees classified correctly. Seven 
instructors and five trainees were misclassified. As in the 
previous discriminant analysis, only two variables - response 
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compatibility effect (accuracy) and the slope of the RT function 
in the conjunction search task (target present trials) - other 
than the errors on the auditory test were selected and retained 
in the discriminant function. 
The second discriminant analysis carried out on the same set 
of data allowed the stepwise procedure to evaluate every 
variable, selecting and removing each from the discriminant 
function according to the p < .05 criterion. Twenty-eight 
instructors and 16 trainees were classified correctly with 
switching error, the response compatibility effect (accuracy), 
and the conjunction search slope identified as reliable 
discriminants. Eight instructors and two trainee pilots were 
misclassified 
Allowing the discriminant process to select the discriminant 
variable freely resulted in a classification rate of 81.5 
percent, 3.7 percent better than when the Dichotic Listening Test 
scores were forced into the discriminant function. More 
importantly, classification accuracy increased from 72.7 percent 
to 81.5 percent with the inclusion of the attentional effects as 
discriminant variables (see Table 15). These results are 
encouraging in that they suggest that a subset of attentional 
phenomena distinguish between experienced and inexperienced 
pilots and more accurate classification of the subjects into 
their respective groups could be achieved when the Dichotic 
Listening Test data is combined with the data from the other 
attention tasks. Thus, it appears that piloting expertise may 
be associated with a variety of distinct attentional processes. 
Discriminant Analysis with median RT and accuracy measures 
on the Visual Attention Battery. To find out if the correct 
classification rate would change if median RT and accuracy data 
were substituted for the attentional effects we have been 
examining, another series of stepwise discriminant analyses were 
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performed with the median RTs and accuracy data from the visual 
attention tasks serving as discriminant variables9. 
A discriminant analysis was first performed on the visual 
attention RT and accuracy data. Twenty-eight of the 29 
instructors and every one of the 24 of the trainees were 
classified correctly, giving rise to an overall correct 
classification rate of 96.3 percent. 
Two other discriminant analyses were carried out with the RT 
and accuracy data, one with the errors from Dichotic Listening 
Test forced into the discriminant function, and the other where 
the statistical program was allowed to pick the variable(s) that 
would best discriminate between the two groups of pilots. 
In forcing the errors from the Dichotic Listening Test into 
the discriminant function, 27 instructors and 19 trainees were 
discriminated correctly and with three instructors and five 
trainees misclassified. This saw the correct classification rate 
decreasing from 96.3 percent (when only RT and accuracy data were 
used as discriminant variables) to 85.2 percent. The reduction in 
classification accuracy resulting from forcing all the errors 
from the auditory test into the discriminant function is probably 
due to the large variance in the error scores in this test (see 
Table 2). However when the program was allowed to select the 
discriminant variables according to the preset criterion level of 
p < .05, the correct classification rate was increased to 96.3 
percent. Only one individual each from the two groups of 30 
instructors and 24 trainees was incorrectly classified. 
The lower classification accuracy obtained in the earlier 
series of discriminant analyses with the attentional effects can 
be accounted for by the fact that in calculating these effects, 
the scores were linearly transformed and the variance in the data 
was greatly reduced. For example, if a subject had RTs of 375 
and 400 ms respectively in the compatible and incompatible 
Classification tables and the variables entered into the discriminant 
functions reported in this section are shown in Appendices 11-13. 
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conditions of the response competition task, the response 
compatibility effect displayed by this subject would be 25 ms. 
Another individual with slower RTs of 575 and 600 ms in the same 
task conditions would also display a response compatibility 
effect of 25 ms. Any difference between the two individuals 
would no longer be detected. However, when RT was used as a 
discriminant variable, the difference between the individuals 
would be easily revealed by virtue of the separation between 
their RTs on the RT distribution. 
As illustrated in Figures 14 to 25, the trainees were 
generally faster and less accurate than the instructors in the 
performance of the attention tasks. Thus, it is not surprising 
that a higher classification accuracy was obtained when RT and 
accuracy measures were submitted to the discriminant analyses. 
On the other hand, in spite of our adopting a more conservative 
approach in using the attentional effects as discriminant 
variables, we were still able to obtain an increase in the 
classification rate above that obtained with the Dichotic 
Listening Test measures alone. This attests to the reliability 
of the attentional effect measure as discriminant variables. 
Regression analyses with measures from the Cognitive Failures, 
Dichotic Listening Test and Visual Attention Battery as 
predictors. 
The discriminant analyses revealed that the instructors and 
trainees can be distinguished on their performance in a subset of 
the Visual Attention Battery. To better understand the 
relationship between attentional abilities and flight skills, 
four series of stepwise multiple regression analyses with 
different criterion measures were carried out. These analyses 
would at the same time permit further examination of how 
attentional measures from the Visual Attention Battery fare 
against the Dichotic Listening Test scores in accounting for the 
variance between instructor and trainee pilots as well as 
variance within the trainees themselves. To that end, 
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accumulated flight hours, flight simulation performance, amount 
of instructional time received by the trainee pilots, and 
checkride scores were used respectively as the criterion measures 
in each series of regression analysis. Each series of the 
regression analyses (and subsequent series of regression analyses 
reported below) was carried out according to the schedule below: 
i) error scores from the Dichotic Listening Test alone were 
first submitted to a stepwise regression procedure. 
ii) A second stepwise regression analysis was carried out 
with the attentional effects measured by the Visual 
Attention Battery and scores on the Cognitive Failures 
Questionnaire serving as predictor variables. 
iii) Data from the Dichotic Listening Test and Visual 
Attention Battery with scores on the Cognitive Failures 
Questionnaire were submitted together to a third 
stepwise regression analysis. 
Detailed summaries of these analyses are found in Appendices 14 -
22. 
Relationship between attentional measures and flight experience 
Preliminary analyses, using the pooled flight time data of 
instructors and trainees as the criterion measure, resulted in 
regression models with very poor fits. This was due to the 
instructors' high flight time (a mean of 768 hours versus a mean 
of 17 hours for the trainee pilots) which exerted an unduly 
strong influence on the regression coefficients in the models. 
On the basis of these preliminary analyses, separate regression 
analyses were performed on the instructors and trainees' flight 
time data. Tables 17-19 provide a summary of the predictor 
variables entered and retained in each regression function, and 
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the direction of the relationship between predictors and the 
respective criterion measures10. 
Regressing Dichotic Listening Test scores on flight hours. 
Omission_0 errors accounted for 15.34 percent of the variance 
among the instructors (Table 17). This variable was weighted 
negatively in the regression equation confirming that high 
omission_0 errors are associated with the low flight time pilots. 
Among the trainees, Omission_0 errors accounted for 20.17 
percent of the variance within that group. Intrusion errors from 
part 1 of the test accounted for another 17 percent of the 
variance (see Table 17). Total amount of variance accounted by 
the regression model was 37.18 percent. The omission_l errors 
were weighted positively in the regression equation, suggesting 
that more of these errors would be made by the more experienced 
trainees. One reason for this is that these subjects might be in 
the process of switching their attention to the relevant channel 
after the switch signal, hence omitting a digit presented to the 
relevant ear. Intrusion errors from part 1 of the Dichotic 
Listening test were found to contribute negatively to the 
regression function, i.e., the more experienced trainees can be 
identified by the smaller number of intrusion errors from part 1 
of the dichotic test. 
These results suggest that the attentional processes tapped 
by the Dichotic Listening Test may be more highly related to 
flight performance at low rather than high levels of flight 
experience. 
Regressing attention measures from the Visual Attention 
Battery on flight hours. The search tasks appeared to be of 
primary importance in accounting for the variance among the 
instructors. About 43 percent of the variance accounted for 
Detailed summaries of the regression analyses described here and in 
subsequent sections can be found in Appendices 14-26. 
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could be attributed to the slopes of the RT functions in the 
Color Search task (target absent) and Form Search (target 
absent). Dual-task performance, response compatibility effect 
(accuracy), and performance in the Inhibition of Return task 
accounted for 17 percent of the variance among instructors (see 
Table 18). 
The slopes of both the Conjunction and Feature search 
functions, and performance in the Inhibition of Response task 
were positively correlated with the flight time criterion. It 
should be noted here that large search slopes by themselves are 
indications of less efficient search performances. However, as 
indicated in the ANCOVAs, more experienced pilots also performed 
the search tasks more accurately suggesting that flight 
experience was associated with an increasing conservative 
response strategy. The dual-task accuracy decrement, and 
response compatibility effects were assigned negative weights, 
indicating that they are less likely to be exhibited by the more 
experienced pilots. 
Regression of the trainees' data revealed a different 
combination of predictors entering the regression equation (See 
Table 18). The color search (target absent) slope, entering in 
the first iteration of the stepwise regression process was given 
a positive weight. This suggests that the more experienced 
trainees might be applying a- more cautious search strategy in the 
search task. That search performance appears in the regression 
functions of both the instructor and trainee groups further 
suggests that this aspect of visual attention is important to 
flight operations, particularly in the manner they scan their 
flight instruments. 
Dual-task performance decrement, which was negatively 
weighted, accounted for 26 percent of the variance among the 
trainees. This indicated that trainees with more flight time 
were more likely to show smaller dual-task performance decrement 
and that efficiency in dual-task performance may play an 
important role in their initial acquisition of flying skills. 
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However, as flying experience increases other aspects of 
information and attention may become more relevant and assume a 
greater importance. The negative priming effect was assigned a 
positive weight, suggesting this effects would be more strongly 
manifested in the more experienced trainees. 
Regressing Dichotic Listening Test scores and attention 
measures from the Visual Attention Battery on flight hours. None 
of the Dichotic Listening Test scores were entered in the 
regression model obtained with the instructor pilots' data (see 
Table 19). The five attention measures (color search slope; Form 
Search slope; dual-task performance decrement; response 
competition effect; and inhibition of return) which were entered 
into the regression equation were the same variables as in the 
earlier stepwise regression analysis performed without the 
dichotic test measures. This result supports the our earlier 
argument that the dichotic test measures may not be very reliable 
predictors with the more proficient pilots. 
A different picture was obtained when the trainee's data 
from the dichotic and visual attention tests were submitted to 
the regression analysis (see Table 19). The variance accounted 
for among the trainees were attributed to error scores from the 
Dichotic Listening Test (45 percent) and dual-task performance 
decrement (14 percent). Thus it appears that dual-task 
performance and attention switching ability are important 
variables in determining the performance of novice pilots in the 
initial stages of flight training. 
Intrusion errors from part 1 of the Dichotic Listening Test, 
were assigned negative weights in the regression model. Omission 
errors were weighted positively, and as suggested earlier, may be 
an indication that the more experienced trainees, having detected 
the switch signal, were making the switch to the other ear when 
the target digits were presented. 
As observed in the earlier regression analyses, it seems 
that divided attention measures, and selective attention (as 
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measured with the dichotic test) account for a major proportion 
of the variance in the flight performance of the inexperienced 
pilots. On the other hand, the broader range of attention 
measures accounting for the variability in the experienced 
pilots' flight performance suggests that the instructors may be 
drawing on a larger repertoire of attentional skills. 
Relationship between attentional measures and flight simulation 
performance. 
In order to have a more equitable measure of the difference 
in flight skills between instructors and trainees, their 
performance in the flight simulation task was used as the 
criterion measure in another series of regression analyses to 
examine the relationship between attentional and piloting skills 
across the two groups of pilots. 
Three flight performance measures - percentage deviation 
from the vertical (P_VERT), lateral (P_LAT), and speed control 
(P_SPD) - served as criterion variables in the regression 
analyses summarized below (Appendix 4 provides more details of 
flight performance measures). These measures were obtained from 
segments 8, 10, and 13 in a series of flight maneuvers flown by 
the subjects in a flight simulation task (see Figure 13). 
In Segment 8, the pilot maintained an altitude of 4,000 feet 
while executing a 180° turn and increasing airspeed from 90 to 
110 knots. In Segment 10, the pilot maintained heading while 
reducing airspeed from 110 knots to 90 knots on a descent from 
3500 feet to 3000 feet. In Segment 13, the pilot flew straight 
and level, maintaining 3750 feet, at an airspeed of 90 knots and 
on a heading of 225°. The instructors and trainees' mean 
percentage deviation on the three control criteria in each flight 
segment are summarized in Table 20. 
Three stepwise regression analyses were carried out with the 
flight performance data from each flight segment serving as the 
criterion measures. The scores from the Dichotic Listening Test, 
and performance measures obtained with the Visual Attention 
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Battery, were submitted as predictor variables to the regression 
analyses according to the schedule described above (see page 61). 
A summary of the total variance in flight performance accounted 
by the regression equations is presented in Table 21. The 
results from the regression analyses performed on the combined 
attentional measures will be discussed in greater details in 
following section. 
Regressing Dichotic Listening Test scores, and attention 
measures from the Visual Attention Battery on flight simulation 
performance data. The regression models for Segments 8 and 10 
contrasted with the model obtained for segments 13 (Tables 22-24 
list the predictor variables entered in each model). The 
proportion of variance in flight performance accounted by the 
auditory and visual attention measures for Segment 13 is small 
compared to segments 8 and 10. Given the relatively simple 
maneuver of flying straight and level in Segment 13, there was 
little variation in instructors and trainees' performance as 
measured in terms of speed, altitude and heading control. This 
is confirmed by a t-test performed on the flight performance 
measures in this segment (see Table 20). 
Significant differences in the flight performance of two 
groups of pilots were observed in the more difficult maneuvers in 
segments 8 and 10 (see Table 20 for summary of t-tests). Also, 
as shown in the Tables 22 and 23, more attentional measures were 
entered into the regression models, indicating that these 
attentional effects underlie the difference in flight performance 
between the two groups of pilots. More importantly, no single 
attentional effect predominated in the regression models. 
Rather, various combinations of attentional effects (with the 
exception of the attention flexibility measures and the feature 
search slopes which were never entered), were entered in each 
model. 
The implication of the above observation is that a variety 
of attentional skills underlie skilled flight performance and 
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each of these skills come into prominence as the nature of the 
flight task changes. However, the Dichotic Listening Test 
scores, with the response compatibility effect and dual-task 
decrement measures from the Visual Attention Battery seemed to 
account for a greater proportion of the variance than the other 
attentional effects. Taken together, the data from the present 
study support the traditional view that focused attention, 
attention switching and time-sharing abilities play important 
roles in efficient flight performance. But, as indicated by the 
results from the regression analyses, other attentional abilities 
such as search efficiency, negative priming and inhibition of 
return also contributed to a proportion of the variance in the 
flight performance of the trainee and instructor pilots. 
Relationship between attentional measures and rate of progress in 
flight training. 
To determine the proportion of variance in the trainees' 
progress in flight training attributable to their attentional 
abilities, stepwise regression analyses were performed with the 
number of instruction hours they have received before their first 
solo flight (range of 14.6 to 35.9 hours) serving as criterion 
measures. The different predictors were submitted to the 
analyses according to the schedule described earlier in page 61. 
Regressing Dichotic Listening Test scores, and attention measures 
from the Visual Attention Battery on instructional hours before 
first solo flight. None of the error scores from the dichotic 
Listening Test were entered in the regression model even with the 
selection criterion relaxed to the p < .15 level. 
Using the attention measures from the Visual Attention 
Battery and Cognitve Failures Questionnaire as predictor 
variables, only scores from the Cognitive Failures Questionnaire 
entered the model. This variable accounted for 23 percent of the 
variance in the amount of instructional time which the trainees 
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received prior to their first solo flight. High scores on the 
Cognitive Failures Questionnaire are associated with a higher 
frequency of cognitive failures and the positive weight given to 
this variable in the model indicates that high scoring 
individuals on the questionnaire would require more instructional 
hours before their first solo flights. 
Submitting attentional measures from the Dichotic Listening 
Test and the Visual Attention Battery together as predictors, 
scores from the Cognitive Failures Questionnaire and errors from 
the second part of the Dichotic Listening Test were found to 
account for 23 percent and 27 percent respectively of the 
variance in instructional hours the trainees received before 
their first solo flight (see Table 25) . Cognitive failures and 
intrusion_0 errors were weighted positively suggesting that 
trainees who experienced more cognitive failures, and who were 
slower in their attention switching would require more hours of 
instructions before their first solo flights. The instrusion_l 
errors were given a negative weight, and the contribution of this 
variable to the regression model is unclear. 
From the above results, it is interesting to see cognitive 
failures entering as a reliable predictor in the regression 
model. Although no significant difference was found between the 
instructors and trainees in terms of their scores on the 
Cognitive Failures Questionnaire, it appears that when shared 
variance between the predictors are partialled out, cognitive 
failures do play a role in determining the trainees' learning 
rate. In the present context, the result suggests that a 
proportion of the variance in the instructional hours required by 
trainees before they go solo could be attributed to memory lapses 
- perhaps for ground and flight operations procedures - and their 
inability to switch attention quickly. 
Relationship between attentional measures and progress towards 
Lesson 12 check-ride. 
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The trainees flight training performance following their 
first solo flight were analyzed further. The number of hours of 
instruction (including remedial training) received by the 
trainees prior to their passing the Lesson 12 check-ride was used 
as a measure of the rate at which they acquired their flight 
skill. These instructional hours, ranging from 18.9 to 37 hours, 
served as the criterion measure in the regression analyses 
reported below. 
Regressing Dichotic Listening Test scores and attention 
measures from the Visual Attention on hours of instruction to 
pass the Lesson 12 check-ride. Using Dichotic Listening Test 
scores by themselves as predictor variables, intrusion_l errors 
were the only variable entered into the regression model. This 
positively weighted variable accounted for 22 percent of the 
variance, suggesting that trainees who were slower in attention 
switching were more likely to require extra instruction time to 
pass the lesson 12 check-ride. 
In submitting only the attention measures from the Visual 
Attention Battery as predictors in the regression analysis, the 
slope of the form search function, and dual-task performance 
decrement accounted for 29 and 12 percent of the variance 
respectively (see Table 26). Both predictor variables were 
weighted positively indicating that trainees likely to require 
extra flight instructions were less efficient in visual searches 
and time sharing abilities. 
Eight predictors entered into the regression model when the 
data from Dichotic Listening Test and the Visual Attention 
Battery were submitted together as predictor variables. These 
predictors accounted for 100 percent of the variance in the hours 
of instructions received by the trainees before they passed the 
lesson 12 check-ride (see Table 26). Performance in Dichotic 
Listening Test accounted for 60 percent of the variance, while 
performance in the form search and conjunction search tasks 
accounted for another 30 percent. Dual-task performance 
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decrement accounted for 8 percent of the remaining variance in 
the number of hours of instructions the trainees underwent in 
order to pass the Lesson 12 check-ride. 
Relationship between attentional measures and Lesson 12 
check-ride scores. 
To see if the use of a different, but related criterion 
measure would give rise to different regression models, another 
series of regression analyses were performed with the rating 
scores in the Lesson 12 check-ride serving as the criterion 
variable. 
Regressing Dichotic Listening Test scores and attention 
measures from the Visual Attention on Lesson 12 check-ride 
scores. In the Lesson 12 check-ride, trainee pilots were rated 
on their proficiency in the various areas of airmanship listed in 
Appendix 3. Trainees had to obtain a full score to pass the 
check-ride. Trainees passing on their first attempt will have a 
score of 100 percent, while trainees passing after their first 
attempt will have scores greater than 100 percent. Because all 
the trainees in this experiment have passed the Lesson 12 check-
ride, none of the check-ride scores submitted to the regression 
analysis were lower than 100 percent. Also, none of the trainees 
in the experiment required more than two check-rides to pass the 
Lesson 12 check-ride. 
Regressing the criterion measure on the Dichotic Listening 
did not produce any regression model even when the selection 
criterion in the stepwise process was relaxed to p < .15. 
Using the Visual Attention Battery data as the only 
predictors in the stepwise regression analysis, the slope of the 
search function in the conjunction search task and the inhibition 
of return effect accounted for 50 percent of the variance in 
check-ride scores (see Table 27). Conjunction search performance 
was weighted positively while the inhibition of return effect 
received a negative weight. This suggests that individuals with 
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more cautious search strategies and susceptible to the inhibition 
of return are more likely to pass Lesson 12 check-rides at their 
first attempts. 
Adding the dichotic test measures to the other attentional 
measures as predictor variables produced a regression model which 
accounted for 74 percent of the variance in check-ride scores 
(see Table 27). Search efficiency in conjunction search, and the 
inhibition of return (RT) effect each accounted for about 26 
percent; performance in the Dichotic Listening Test accounted for 
another 10 percent of the variance while the negative priming 
effect accounted for 14 percent of the variance in check-ride 
scores. 
The positive weighting given to performance in the search 
task suggests that individuals with poor search efficiency would 
likely fail their check-rides. Likewise, the positive weighting 
of the Dichotic Listening test score indicated that trainees who 
were slower in attention switching would be more likely to fail 
the first check-ride. On the other hand, the negative priming 
effect was weighted negatively, indicating that trainees 
exhibiting strong negative priming would be more likely to pass 
the checkride at the first attempt. 
Summary. Although the results from the ANCOVAs performed 
earlier did not reveal strong group differences in all the 
attentional tasks, the regression analyses revealed that the 
attention measures from those tasks still contributed 
substantially towards accounting for the variance between 
trainees and instructors. Using the combined Dichotic Listening 
Test scores and the attentional measures from the Visual 
Attention Battery as predictors in the regression analyses led to 
a greater proportion of accounted variance in the trainees, and 
between trainees and instructors. What this suggests is that 
the mechanisms underlying the various attentional abilities are 
partially independent and that these abilities, acting in 
concert, contribute to skilled flight performance. Hence, more 
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reliable prediction of pilot performance, e.g, time sharing, or 
attention switching efficiency could be obtained with a battery 
of attention tests than with a single attention measure. 
Discussion 
Experiment 1 tested the hypothesis that flight performance 
abilities are associated with more than attention switching or 
time sharing skill. To that'end, a test battery of visual 
attention tasks was used to provide a composite picture of an 
expert pilot's attentional abilities. The more experienced 
pilots (instructors) in the study were expected to exhibit 
efficient visual search performance, little response competition 
and strong negative priming. They were also expected to show 
little susceptibility to the inhibition of return and could 
easily change their attention allocation strategy when the 
situation demanded such changes. The following discussion will 
examine how well these predictions are supported by the data 
(predicted and actual trend in the instructors' performance are 
summarized in Table 28). 
Piloting Experience and Dichotic Listening Test Performance. 
Data from first part of the Dichotic Listening Test failed to 
reveal a significant difference between instructors and trainees 
in terms of focused attention. A correlation between switching 
errors and flight experience was found (see Table 3), replicating 
Gopher's finding that switching errors could be used to 
distinguish between pilots with different levels of flight 
expertise. However, we disagree with Gopher's conclusion that 
inexperienced pilots fail to switch attention more often than 
experienced pilots. On the basis of our finding of group 
differences in intrusion errors soon after a switch signal, but 
not at longer intervals, we conclude instead that increased 
flight experience results in more rapid attention switching. 
Earlier, we raised the question of whether focused and 
selective attention abilities in the auditory modality would 
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predict focused and selective attention abilities in the visual 
modality. A relatively small and non-significant correlation 
between response competition and intrusion errors from Part 1 of 
the Dichotic Listening Test suggests that an individual's 
attentional skills may be modality specific and the mechanisms 
underlying visual and auditory attentional abilities are 
partially independent. 
Data from the Negative Priming task and Dichotic Listening 
Test scores were submitted to a similar analysis. No significant 
relationship between the two, measures were found. This finding 
provides further support that visual attention abilities are at 
least partially independent and that multiple tests are required 
to assess attentional skills in complex jobs such as piloting. 
Piloting experience and visual search performance. 
Subjects' performance in the Visual Attention Battery provided 
limited support for the hypothesis that flight experience is 
associated with efficient attentional functions. In the feature 
and conjunction search tasks, instructor pilots did not, in 
general, show better performance than the trainees. Evidence 
from research on visual search (for example, see Treisman & 
Gelade, 1980) indicates that individuals displaying efficient 
visual scanning and integration strategies have RT functions with 
flat, or near-flat slopes over a range of stimulus set sizes. 
The experienced pilots in the present study however, did not 
exhibit this trend. Instead, the search slopes of the 
instructors, although not statistically significant, were steeper 
than the trainees'. On the other hand, instructors were more 
accurate than the trainees in their search performance. One 
reasonable hypothesis is that instructors adopt a more cautious 
search strategy than did the trainees. 
Piloting experience and the inhibitory aspect of attention. 
Researchers studying the inhibitory aspects of attention have 
proposed that the selection and processing of relevant 
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information entails an active inhibition of irrelevant 
information. One paradigm in which selective inhibition has been 
examined is the negative priming paradigm. Failure of such 
inhibitory processes leads to dysfunctional information 
processing such as that observed in schizophrenics (Beech, 
Powell, Mcwilliams & Claridege, 1989) and very young children 
(Tipper, Bourque, Anderson & Brehaut, 1989). Likewise, 
inhibition of return, has been proposed to be necessary for 
efficient spatial attention. This phenomenon, where people show 
a disinclination to reattend a recently attended location, is 
considered to be a means by which the nervous system facilitates 
the processing of new information sources in the visual 
environment by avoiding the repetitive sampling of the same 
location or object. 
I postulated that the more experienced pilots would show 
little inhibition of return because of the need to repeatedly 
scan the same array of instruments in the cockpit to update their 
mental picture of the aircraft's status. On the other hand, the 
more experienced pi-lot was expected to exhibit stronger negative 
priming in order to cope with the multiple information sources in 
the cockpit. Instructor pilots did show larger negative priming 
effects in accuracy than did the trainee pilots. However, 
instructors and student pilots displayed statistically equivalent 
inhibition of return effects suggesting that the degree to which 
specific areas of space are inhibited following search does not 
vary with piloting expertise. 
Piloting experience and dual-task performance. Contrary to 
expectation, dual-task RT decrement were significantly larger for 
instructors than for the trainees in the Divided Attention task. 
This observation also runs counter to empirical findings and the 
traditional view that experts time-share more efficiently than 
novice ( for example, see Damos, 1982; Fournier & Stager, 1976; 
Fowler, 1981; Gopher & North, 1974; North & Gopher, 1974; 
Wickens, 1984) . However, there is evidence to suggest that in 
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the present experiment, the trainees' faster RTs in the dual-task 
conditions were obtained at the expense of accuracy in 
performance: although their dual-task accuracy decrement did not 
differ significantly from the instructors', the trainees overall 
accuracy was significantly lower than the instructors'. 
Piloting experience and attention flexibility. The task 
used to measure this ability was based on the paradigm devised by 
Posner, Snyder and Davidson (1980). In studies using such 
paradigms, subjects were found to respond faster and more 
accurately to the cued target than to uncued target. In the 
present study, not only was there little difference between the 
RTs and the accuracy of instructors and trainees, the observed 
trend was opposite to what was expected. Although RT to the 
three target positions was not significantly different, RT was 
fastest at the uncued position and slowest at the uncued 
position. 
This unexpected trend could be due to the fact that subjects 
performed the valid-cue trials after performing a block of trials 
in the neutral condition. Cues in the neutral condition trials 
did not predict where the target was appearing, and the best 
strategy for the subjects was to expand their attentional focus 
to encompass the two possible target locations. If this strategy 
was carried over to the last two blocks of trials with valid 
cues, then the onset of the single cue, followed by the target in 
the cue location might be sufficient to bring about some form of 
inhibition of return effect, i.e., attention was summoned once 
before to the cued location, and would be slowed if it was to be 
redirected to that location again when the target appeared. 
Piloting Experience and focused attention. Instructors 
displayed a smaller response compatibility effect than the 
student pilots. This suggests that the instructors were better 
at focusing their attention on the relevant source of 
information. As noted earlier, the ability to focus attention in 
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the visual modality did not show a strong correlation with 
focused attention in the auditory modality (see Table 10) . Thus, 
if efficiency in focal attention is a factor distinguishing the 
skilled pilots from the unskilled pilots, then the Dichotic 
Listening Test is not an appropriate instrument to identify this 
aspect of attention. 
Is the Visual Attention Battery appropriate for pilot 
selection? 
Given that a subset of the tasks in the Visual Attention 
Battery did not reveal any differences between the instructor and 
trainee pilots in terms of their attentional abilities, it might 
be asked whether these tests are appropriate for pilot selection. 
This section examines some of the factors that might have 
contributed to the apparent lack of differentiation between the 
two groups of subjects in these tasks. 
Domain Specificity of expert performance. Within the domain 
of expert performance, fast RTs and high accuracies are usually 
associated with the quality of performance. For instance in 
sports, experts are able to size up a situation and make 
appropriate responses faster than novices (Abernethy, 1991) . 
Similarly, master chess players are able to recall positions of 
chess pieces faster and more accurately than beginners (deGroot, 
1966; Chase & Simon, 1973). However, experts' performance has 
been found to be highly domain specific and their performance 
does not differ systematically from novices or control subjects 
once they are removed from their respective domains (Chi, Glaser 
& Farr, 1988; Ericcson & Charness, 1994; Ericsson, Krampe & 
Tesch-Romer, 1993; Regnier, Salmela & Russell, 1993; Starkes & 
Deakin, 1985). 
In the selection of the tests for the Visual Attention 
Battery, we assumed that each of these tasks is a close 
approximation of one of the many visual tasks a pilot has to 
perform in flying an aircraft. From the perspective of the 
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subject however, these tasks may have no semblance to what they 
do in the cockpit and hence their performance on this tasks may 
not reflect the way they would manage their attentional abilities 
in flight. 
Methods of analysis. The objective of using a battery of 
tests (as opposed to a single task such as the Dichotic Listening 
Task) was to obtain a composite picture of the attentional 
abilities of the expert pilot. In analyzing the data with 
ANOVAs/ANCOVAs, we have departed from our stated goal. That is, 
while adhering to established practices for the analyses of data 
in experimental psychology, our examination of the performance 
data task by task might have masked some of the subtle, but 
important differences differentiating instructors from trainees 
and which become evident only in the discriminant and regression 
analyses. This point will be discussed in greater detail later. 
Difference in performance strategy. While experts are 
expected to respond faster and more accurately than novices, 
speed alone does not an expert make (Regnier, Salmela & Russell, 
1993; Starkes & Deakin, 1985). Rather, the mark of an expert is 
one who has a wide repertoire of strategies at his or her 
disposal, and one who varies his or her strategy as the situation 
dictates. For instance, as frequently observed in racket sports, 
a skilled player is as likely to gain a point by delaying a 
return (until the opponent has committed himself) as he would in 
hitting the ball immediately. That is, the delay in making a 
return stroke is deliberate and an expression of the chosen 
strategy (Abernethy, 1991). 
In the domain of flight, the ability to respond quickly in 
and by itself is not necessarily a desirable attribute as it may 
be an index of the risk-taking or the impulsive nature of the 
pilot. This is underscored by the fact that personality tests 
for these traits are included in pilot selection batteries (for 
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example see Turnbull, 1992; Youngling, Sheldon, Mocharnuk and 
Weston, 1977). 
In the present experiment, it is possible that the 
difference in RT between trainee and instructor pilots which was 
attributed to their age difference, actually represents 
differences in strategy selection. As can be seen in Figure 6-
17, the instructors' RTs tend to be slower than the trainees, but 
this is accompanied by higher accuracy scores. This suggests 
that the instructors, perhaps tempered by their flight 
experience, may be exercising a more cautious response strategy 
than the trainees in their performance of the attentional tasks. 
More evidence for this argument is provided by the fact that 
group difference in accuracy remained when age is partialled out 
in the ANCOVAs, while group difference in response speed 
disappeared. 
Lack of task complexity. The absence of any significant 
difference between the instructors' and trainees' performance in 
the majority of the visual attention tasks may simply mean that 
there was no difference in attentional abilities between the two 
groups to begin with. Alternatively, as Ackerman (1989) 
suggested, there may be insufficient complexity in these tasks to 
reveal any significant differences between the experienced and 
inexperienced pilots. These two propositions are unlikely in 
view of the contribution these tasks make towards distinguishing 
instructors from trainees in the discriminant analyses, and the 
variance in the criterion measures accounted for by these 
variables in the regression analyses. 
Classification of pilots with the Visual Attention Battery. 
In the discriminant analyses, the cross-validated 
classification rate obtained with the attention effects as 
discriminant variables was 74 percent. This is two percent 
better than the classification obtained with the Dichotic 
Listening Test alone. Inclusion of the attention effects into 
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the discriminant analysis with the Dichotic Listening Test scores 
increased the classification accuracy further to 82 percent (see 
Table 15). Two important observations can be made from these 
results: 
1) The data supports the argument that piloting expertise 
is associated with a variety of distinct attentional 
processes. 
2) An increase in the classification rate over the Dichotic 
Listening Test scores was obtained in spite of our more 
conservative approach of using the attentional effects 
and not the mean or median RTs and accuracy scores as 
discriminant variables. 
We have also obtained higher classification accuracy with the 
median RT and accuracy data. However, in using these variables 
as predictors we cannot ensure that subjects are not being 
classified into two groups simply because they were either fast 
and inaccurate, as observed in the trainee pilots, or were slow 
and accurate, as in the case of the instructors (see table 15). 
Variance in criterion measures attributable to attentional 
effects. The variance in the flight hours and flight simulation 
performance of instructor and trainee pilots accounted for by the 
attentional effects (with, and without Dichotic Listening Test 
scores) ranged from between 7 to 60 percent (see Tables 17 - 19; 
Table 21). 
Thus, even though the ANCOVAs found no statistical 
difference between instructors and trainees' performance on some 
of the visual attentional tasks, partialling out the shared 
variance in these attentional measures led to their accounting 
for a greater proportion of the variance within and between the 
two groups of pilots. 
Practical Implications. 
From a practical viewpoint, is it worthwhile to have an 
instrument such as the Visual Attention Battery in the inventory 
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of pilot selection tests? In experimental psychology, a one or 
two percent gain or reduction in performance, even if 
statistically significant, may not be a very meaningful quantity. 
However, a one or two percent gain in classification accuracy in 
personnel selection, especially in the aviation domain, would 
lead to substantial monetary savings in the long run. 
Hunter (1989) estimated that the USAF, with an intake of an 
average of 2,000 pilot trainees a year, would save approximately 
$1 million with a one percent reduction in the attrition rate in 
pilot training (the calculation was based on an average cost of 
$50,000 to train a pilot in 1982). Gopher (1982) reported that 
the switching errors in the Dichotic Listening Test showed a 
correlation of .21 with the flight criteria of the Israeli Air 
Force (no details of the criteria were provided), and that 
switching errors accounted for only 1.5 percent of the variance 
in flight training performance of pilot candidates in the Israeli 
Air Force. In spite of the small R2 between switching error and 
the criterion measure, the Israeli Air Force found it worthwhile 
to incorporate the Dichotic Listening Test in their pilot 
selection inventory. 
Given the economic considerations underlying the search 
for, and the implementation of "better" pilot selection tools, 
there is certainly a potential for visual attention tasks similar 
to those used in this study to serve as instruments to evaluate a 
candidate's suitability for flight training. 
Summary. The difference in procedures and sample size, and 
the difference between the motivation level and the makeup of our 
subjects preclude a direct comparison with the studies reported 
by Gopher and his colleagues (Gopher, 1982; Gopher and Kahneman, 
1971). Also, the seemingly large proportion of variance 
accounted for by the visual attention tasks in this study may not 
remain so substantial if the study was performed with a more 
homogeneous group of subjects. Nonetheless, the results from 
Experiment 1 are encouraging in that they have shown that pilots 
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with different levels of flight experience could be distinguished 
by a subset of attentional abilities. 
Further experimentation is required to refine the tasks in 
the battery, and to investigate the feasibility of using other 
attentional tasks in the test battery. More importantly, to 
properly validate a selection battery such as this and to 
preclude the speed-accuracy confound encountered in this study, 
it is imperative that a large number of self-selected, and highly 
motivated individuals be available to serve as subjects in the 
experiment. A more suitable group of subjects than the 
participants in the present study would be the applicants for 
flight training with the Navy or the Air Force. 
Experiment 2 
The cross-sectional comparison between instructor and 
trainee pilots in Experiment 1 rendered it impossible to 
determine from the data whether the attentional differences 
between individuals occurred as a function of training and 
practice (in the case of the instructors and trainees, through 
the acquisition of piloting expertise) or whether they were more 
innate and stable attributes of the individuals. To resolve this 
ambiguity, the trainee pilots from Experiment 1 were retested on 
all the attentional tasks after an interval of approximately 16 
to 18 weeks. The second test session occurred towards the later 
part of their Private Pilot Certification course. Their 
performance in the attentional tasks was evaluated against a 
control group of subjects (with no flight training experience) 
who were administered the Dichotic Listening Test and the Visual 
Attention battery within the same test-retest interval. 
If attentional abilities are stable traits of the 
individual, then the performance of both groups in session 2 
should not differ significantly from their performance in the 
first session. On the other hand, if attention control is a 
function of practice or the acquisition of a complex skill, 
e.g., flight training, then the trainees should show a larger 
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performance improvement than the control subjects at the second 
test session, i.e., there would be a significant time x group 
effect. 
As in Experiment 1, our interest rests on the attentional 
effects exhibited by the subjects, for example, negative 
priming, response competition, etc., and not RT and accuracy per 
se. Experiment 2 also examined the reliability of both the 
Dichotic Listening Test and the Visual Attention Battery as pilot 
selection tools. To that end, the number of hours taken by the 
trainees to obtain their flight certificate, and their checkride 
scores were regressed separately on their scores on the dichotic 
test, and the attention measures on the Visual Attention Battery 
from the first test session to determine the ability of these 
tests to predict trainee pilots' performance in the later half of 
the Private Pilot Certification course. 
Method 
Subjects. 
In addition to the trainee pilots from Experiment 1, 51 
students from the undergraduate population of the University of 
Illinois were recruited as control subjects. None of the control 
subjects had any piloting experience. Care was taken to match 
the control subjects with the trainee pilots in terms of age. 
The mean age of the control subjects was 20.3 with a range of 18 
to 27 years. Subjects were tested for normal vision, and for 
color blindness with the Ishihara Color-blindness Test before 
they were administered the attention tasks. All subjects 
received $5 an hour for their participation in the experiment. 
Experimental tasks and material. 
The Visual Attention Battery, Dichotic Listening Test and 
Cognitive Failures Questionnaire described in Experiment 1 were 
used in this experiment. 
Procedure. 
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All subjects completed the personal data questionnaire, the 
Cognitive Failures Questionnaire, the Dichotic Listening Test, 
Feature Search, Conjunction Search, and Response Competition 
tasks on the first day. The Negative Priming, Inhibition of 
Return, Divided Attention, and Attention Flexibility tasks were 
completed on the second day. 
Criterion Measure (Trainee pilots only). 
In the Private Pilot Certification program, the trainee 
pilots were given 14 instructional hours to qualify for their 
first solo cross-country flights. The more proficient students 
were allowed to go on their first solo cross-country flight 
before the end of the 14 hours. Following the first solo cross-
country flight, the trainees underwent a checkride (Lesson 25 
checkride) where they were tested in eight areas of airmanship 
and aircraft handling proficiency. A list of the items on which 
the trainee was evaluated is shown in Appendix 5. A trainee must 
receive a "pass" grade on every item on the list to pass this 
check-ride. 
Following the successful completion of the Lesson 25 
checkride, the trainee pilots received another 4 hours of 
instructions in the air, and were required to accumulate 12 hours 
of solo flight time before taking the final private pilot 
certification checkride (Lesson 30 checkride). The list 
detailing the aspects of flight operations and airmanship on 
which the trainees were tested is shown in Appendix 6. Again, 
the trainee must receive a "pass" on every item on this list to 
receive the Private Pilot License. 
Trainees who passed all the check-rides on their first 
attempts would have logged approximately 60 flight hours 
(inclusive of all check-ride time) when they receive their 
Private Pilot license. 
The criterion measures that were used to study how 
attentional abilities covary with flight performance in 
experiment 2 were the number, of hours of instruction received by 
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a student before passing the lesson 25 checkride, and the scores 
obtained on this check-ride (including scores from failed check-
rides); the number of instructional hours before passing the 
Lesson 30 check-ride, and the scores obtained in this checkride 
(including scores from failed check-rides). 
RESULTS 
Nineteen of the control subjects, and 8 trainee pilots did 
not return for the second test session and their data from test 
session 1 were deleted from the data set submitted for analyses. 
The following summary are based on the analyses carried out the 
data of the remaining 32 control and 16 trainee pilot who 
completed both sessions. 
Age. 
Because we have trimmed part of the data, the mean age of 
the control subjects was recalculated to be 20.4 years with a 
range of 18 to 24 years. The mean age of the pilots was 19.1 
years within the range of 18 to 27 years. A t-test indicated 
that the age difference between the pilots and the control 
subjects was significant (t46=2.38, p < 0.05). 
Dichotic Listening Test. 
The errors on the Dichotic Listening Test made by the 
subjects in test sessions 1 and 2 are summarized in Tables 29 and 
30. The errors were submitted to an ANCOVA11 with Group 
(Trainees and Control Subjects) serving as a between subject 
variable, and Time (session 1, and session 2) as a within subject 
variable. 
In part 1 of the Dichotic Listening Test, there was a 
significant time effect in the number of intrusion errors made by 
In order to maintain consistency with the analyses performed in Experiment 
1, ANCOVAS were carried out in Experiment 2, with the subjects' age serving as the 
covariate. 
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the subjects. Both groups made significantly more intrusion 
errors at test session 1 ( Fli46= 7.32, p < .01) than in session 
2. There was no statistical difference across time or group for 
omission errors. 
In part 2 of the test, a significant time x group 
interaction for switching errors was revealed (Fi,46= 5.80, p < 
.05) . In session 1, the trainee pilots made more switching 
errors than the control subjects (see Table 29), but by session 2 
both groups were making essentially the same number of switching 
errors (see Table 30). Omission errors from part 1 of the 
dichotic Listening Test showed a decrease over the two sessions 
but this decrease was not significant (p > .2). The two groups 
of subjects also made significantly less omission_0 (Fi/46= 40.7, 
p < .01), omission_l (Fi,46= 10.8, p < .01), and omission_2 (F1#46= 
6.22, p < .05) errors in session 2 than in session 1. A decrease 
in intrusion errors in part 2 of the dichotic Listening Test was 
also observed. Intrusion_0 (Fli46= 33.41, p < .01), intrusion_l 
(F1>46= 15.43, p < .01), and intrusion^ (F1>46= 7.45, p < .01) 
errors were significantly less in session 2 than session 1. Over 
time, the trainee pilots showed a significantly greater decrease 
in the switching errors than the control subjects but otherwise, 
both groups showed an equivalent reduction in omission and 
intrusion. 
Visual Attention Battery. 
Given our interest in the possible changes in the subjects' 
performance over time, a within-subject factor, time (session 1 
and session 2) was introduced to the ANCOVAs carried out in our 
data analyses. 
Feature Search Task. The median RTs and accuracy obtained n 
the color and form search tasks are summarized in Figures 18 to 
25, and the slope data are summarized in Tables 31 and 32. The 
slopes from the color, and the form searches were submitted to 
Group x Time ANCOVAs. A significant group difference was found 
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in the slope of the search function in the target-present trials 
of the color search (Fi,44=4.07, p < .05) confirming that the 
trainees' search slopes were flatter than the control subjects in 
both test sessions. The search function slopes in the target-
absent trials were statistically equivalent for the two groups. 
The ANCOVA on the slope data in the form search condition 
resulted in a significant time effect in the target absent trials 
(Fir44=6.54, p < .01). Control and pilot subjects showed a 
decrease in the slopes of the search function in session 2 (see 
Tables 31 and 32). 
The RT data were submitted to a Group x time x setsize (5, 
11, and 25 items) x search-type ( color and form) x trial-type 
(target-present, and target-absent) ANCOVA. Significant group x 
setsize (F2|90=3.15, p < .05), and time x setsize x type 
(2*2,88=6.91, P < .01) interactions were found. As seen in Figures 
26-33, the two-way interaction was due to the control subjects' 
RT increasing at a much faster rate than the trainees' when 
display setsize was increased. The time x setsize x type 
interaction can be attributed to the subjects showing an increase 
in speed in session 2, with their RT to the largest display set 
size in the color search showing a greater decrease than the RTs 
to the other set sizes in the two search tasks. 
A group x time x setsize x search-type x trial-type ANCOVA 
was performed on the accuracy data. A significant group x 
setsize interaction was found (F2i90=3.1, p < .05), and this was 
due to the control subjects showing a smaller decrease in search 
accuracy than the trainees when display set size was increased. 
Given that the trainees were faster but more inaccurate, the data 
suggests that there is a speed/accuracy tradeoff in the subjects' 
performance. There was also a significant time x setsize x 
search-type interaction (F2>90 =3.83, p < .05) but interpretation 
of this 3-way interaction may not be meaningful in view of the 
speed accuracy tradeoff exhibited by the subjects. There was no 
significant main effect (F1>45=0.23, p >.6) or significant 3-way 
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and 4-way interactions between the group factor with time, 
setsize and search-type. 
Conjunction Search Task. The target-present and target-
absent search slopes from sessions 1 and 2 were submitted to a 
Group x Time ANCOVA. No significant main effects for group or 
time were found for the target-absent search slope. 
The RT and accuracy in the two target-present and target-
absent conditions are summarized in Figures 26-29. Group x time 
x trial-type ( target-present, target-absent) ANCOVAs were 
performed on the RT and accuracy data. There was a significant 
group x time x setsize (F2>90=3.2, p < .05) interaction for RT. 
This was due to the trainees displaying a greater increase in 
search speed than the control subjects over time, and with the RT 
in the largest display setsize showing the biggest decrease 
relative to the other two set sizes. 
A Group x time x setsize x search-type x trial-type ANCOVA 
was performed on the accuracy data. A significant 4-way group x 
time x setsize x trial-type interaction was found (F2t90=5.47, p < 
.01). As shown in Figures 34-37, this interaction is due to 
subjects showing a decrease in accuracy on the target present 
trials in session 2. The pilots were also less accurate in the 
target-absent trials in session 2. However, the control subjects 
actually showed an increase in their search accuracy on the 
target absent trials in session 2. The trainee pilots' decrease 
in accuracy as display set size was increased appeared to be 
independent of whether the target was present or absent in the 
display (see figures 28 and 29), whereas, the control subjects 
showed a marked drop in accuracy as display setsize was increased 
in the target present trials. 
Although a series of contrasts performed on the RT and 
accuracy scores within each group over the two test sessions 
failed to reveal any significant difference across time, there 
was evidence of a speed/accuracy trade-off, particularly in the 
case of the trainee pilots. There is also some indication of a 
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speed/accuracy tradeoff in the control subjects' performance on 
the target-present trials where their faster RTs in session 2 
were accompanied by lower accuracy. In the target-absent 
condition, the control subjects showed a genuine improvement in 
their search performance. 
Response Competition Task. The attentional effect we are 
interested in this task is the RT and accuracy difference between 
the compatible and incompatible trials. The RT and accuracy data 
were submitted to a group x time x trial-type (compatible, and 
incompatible) ANCOVA. A significant group effect for RT was 
obtained (Flf45=12.9 p < .01). The pilots' RTs were faster than 
the control subjects' in both sessions. 
The ANCOVA performed on the accuracy data indicated a 
significant group effect. The trainee pilots were less accurate 
than the control subjects in both test sessions. More 
importantly, there was also a significant trial-type x group 
interaction (Fii45=5.75, p < .05). As can be seen in Figures 38 
and 39, the trainee pilots exhibited a significantly larger 
response compatibility effect (accuracy difference between the 
compatible and incompatible trials) than the control subjects in 
both sessions. 
Inhibition of Return Task. The RT and accuracy data are 
summarized in Figures 40-43. If inhibition of return was 
occurring it would be observed as slower RTs to the cued than 
uncued the location in the 600 SOA condition. To examine 
inhibition of return, the difference between cued and uncued RTs 
and accuracy were calculated at the 100 and 600 ms SOA. 
conditions. These data are summarized in Tables 34 and 35. 
The inhibition of return effect as measured in RT, and 
accuracy were submitted to ANCOVAs with time (session 1 and 
session 2) and SOA (100 ms and 600 ms) serving as within subject 
variables, and group as a between subjects variable. There was a 
significant group (Fi<45=4.95, p < .05), and time (F1#45=8.13, p < 
89 
.01) effect (see Figures 40 and 41). Inhibition diminished in 
session 2 but the trainee pilots displayed a greater degree of 
inhibition than the control subjects. 
The ANCOVAs performed on the accuracy data revealed a 
significant group x time x soa interaction (Fii45=4.73, p < .05). 
This 3-way interaction was due to the trainees displaying a more 
pronounced inhibition of return effect in the 600 ms SOA 
condition at session 2 than the control subjects. 
Negative Priming Task. The attentional effect of interest 
was the difference in RT and accuracy between the control and 
ignored-repetition trials. RTs and accuracy in the two 
conditions are shown in Table 36 (see also Figures 44 and 45) . 
Group x time ANCOVAS were performed on the RT and accuracy 
data. A significant time effect was obtained (FIJ45=4.33, p < 
.05) for RT. As shown in Table 36, the negative priming effect 
was reduced in the second session. None of the accuracy effects 
was significant. 
Divided Attention Task. The RT and accuracy for the single 
task, and dual-task conditions are summarized in Figures 46 and 
47. Group x time x condition ( 20inside_80outside, 
50inside_50outside, and 80inside_20outside) ANCOVAS were 
performed on the dual-task decrement measures. 
No significant group or time effects were found for the RT 
data. There was a marginally significant group effect for the 
accuracy data (Fli45=3.34, p < .07). As shown in Figures 46 and 
47, the control subjects were more accurate than the trainee 
pilots. There was also a significant time by condition 
interaction (F2>90= 7.21, p < .01). Accuracy improved in the 
80inside_20outside condition, and decreased in the 
50inside_50outside condition. Analysis of the single-task data 
did not reveal any significant main or interaction effects. 
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Attention Flexibility Task. As in Experiment 1, the RT 
trend in the data was opposite to what we had expected. In both 
sessions 1 and 2, both groups of subjects responded to the uncued 
target faster than the cued target (see Figures 48 and 49). As 
such, it would not be meaningful to discuss the results. 
Cognitive Failures Questionnaire. The mean scores of the 
trainee pilots and control subjects on the questionnaire was 1.48 
and 1.48 in the first session. Their respective scores in the 
second session was 1.59 and 1.58. There was no significant 
difference between the scores of the two groups over time. 
Summary. The results indicate an improvement in trainee 
pilots but not the control subjects in Dichotic Listening Test 
performance from the first to the second session. Both groups of 
subjects showed a decrease in RTs in many of the attentional 
tasks with practice. However, this improvement in RT was 
accompanied by a reduction in performance accuracy. Thus, it 
appears that there were few changes in attentional functions that 
accompany improvements in flight skills at least with a 
relatively modest amount of flight training. This pattern of 
findings will be discussed later. 
Predicting flight training performance with Dichotic Listening 
Test scores and attention measures from the Visual Attention 
Battery. 
The trainee pilots were completing their Private Pilot 
Certification training at the time Experiment 2 was conducted. 
In order to evaluate the reliability of the Visual Attention 
Battery as a pilot selection tool, the trainees' performance in 
the second part of their flight certification course, i.e, number 
of hours of instruction required to pass the Lessons 25 (range of 
43.8 to 55.2 hours) and 30 check-rides (range of 58.3 to 70 
hours), and Lessons 25 and 30 check-ride scores were used as 
criterion measures in a series of stepwise regression analysis 
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performed with the attentional measures (attentional effects) 
obtained in their first administration of the Dichotic Listening 
Test and the Visual Attention Battery. The predictor variables 
were submitted to the regression analyses following the schedule 
used previously. Detailed summaries of the regression analyses 
can be found in Appendices 23 - 26. 
Regressing Dichotic Listening Test scores and attentional 
measures from the Visual Attention Battery on instructional hours 
to pass the Lesson 25 check-ride. The regression model obtained 
using only the Dichotic Listening Test scores as predictors 
revealed that Intrusion_l errors accounted for 18 percent of the 
variance. The positive weight assigned to this variable suggests 
that individuals with slower attention switching abilities were 
more likely to require more instructional hours to pass their 
Lesson 25 check-rides. 
The model that resulted from the regression analysis using 
performance measures (in terms of attentional effects) from the 
Visual Attention Battery as predictor variables accounted for a 
total of 35 percent of the variance in the criterion (see Table 
37). One of the two predictors in the model, the inhibition of 
return effect was weighted negatively indicating that trainees 
prone to inhibition of return (i.,e. obtaining higher accuracy in 
this condition) would require less instruction to pass the Lesson 
25 check-ride. On the other hand, the magnitude of the response 
competition effect is directly related to the number of hours of 
instruction received by a trainee to pass the check-ride. 
The same model as that in the preceding analysis was 
obtained when error scores from the Dichotic Listening Test 
submitted together with attentional measures from the Visual 
Attention Battery as predictors in the regression analysis. 
Regressing Lesson Dichotic Listening Test scores and attentional 
measures from the Visual Attention Battery on 25 check-ride 
scores. A trainee must obtain a pass in every item on the check-
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flight list (see Appendix 5) in order to pass the check-ride. A 
score less than a 100 percent was a failing grade in the check-
ride. No students in the experiment required more than two 
attempts to pass the Lesson 25 check-rides. 
In spite of the relaxation of the significance level for 
predictor selection to the p < .15 level, no model was obtained 
when the Dichotic Listening Test scores were regressed on the 
criterion. 
The negative priming and response competition effects were 
the only two reliable predictors entered into the regression 
model when the Visual Attention Battery measures were submitted 
as predictor variables. The two variables accounted for 38 
percent of the variance in check-ride scores. The response 
competition effect correlated positively with the criterion, 
while the negative priming effect was inversely correlated with 
the criterion (see Table 38). 
Regressing Dichotic Listening Test scores and the 
attentional measures from the Visual Attention Battery on number 
of instructional hours to pass Lesson 30 check-ride. 
Intrusion_l error, the only variable entered in the model when 
Dichotic Listening Test scores were used as predictors, 
accounted for 20 percent of the variance in the criterion. 
Of all the visual attention performance measures submitted 
to the regression analysis, only the inhibition of return effect 
was found to be a reliable predictor. This variable accounted 
for 20 percent of the variance in the criterion. The negative 
weighting of this predictor suggests that trainees exhibiting 
greater inhibition of return would less instructional hours to 
pass the Lesson 30 check-ride. 
Seven attention measures entered the regression model as 
predictors when Dichotic Listening Test and Visual Attention 
Battery data were submitted together to the regression analysis 
(see Table 39). The resulting regression model accounted for 
92.4 percent of the total variance in instruction time required 
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by the trainees to pass the Lesson 30 check-ride. Performance on 
the dichotic test accounted for approximately 50 percent of the 
variance while performance in the search tasks, and the 
inhibition of return effect accounted for 30 and 14 percent of 
the variance respectively. 
Regressing Dichotic Listening Test scores and the 
attentional measures from the Visual Attention Battery on Lesson 
30 check-ride scores. As with the other flight checks in their 
syllabus, trainees must obtain full scores on the check-list (see 
Appendix 6) to pass the Lesson 30 check-ride. All trainees were 
tested after they have received their private pilot license and 
none of them required more than two attempts to pass their check-
rides . 
No regression model was obtained even at the p < .15 level 
when the dichotic test measures by themselves were submitted as 
predictor variables. 
The inhibition of return effect was the only variable 
entered when the visual attention measures were submitted as 
predictors in the stepwise regression procedure. The inhibition 
of return effect accounted for 27 percent of the variance and was 
negatively correlated with the criterion. 
When both Dichotic Listening Test scores and Visual 
Attention Battery measures were submitted together to the 
regression analysis, the model produced was the same as the one 
from the previous analysis (see Table 40). 
DISCUSSION 
Experiment 2 was designed as a longitudinal study to examine 
changes in attentional abilities over time. More specifically, 
we were interested in finding out whether attentional abilities 
would change with the acquisition of a complex, skill such as 
piloting an aircraft would lead to a change in attentional 
abilities. To that end, trainee pilots who served as the 
subjects in Experiment 1 were re-administered the attentional 
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tasks after an interval of approximately 16 to 18 weeks. Their 
performance in the attentional tasks was evaluated against a 
group of control subjects who were administered the attentional 
tasks within the same test-retest interval. If attentional 
abilities were stable, then the subjects' performance in session 
1 and 2 should not differ significantly. On the other hand, if 
attention control was a function of acquiring a complex skill, 
then the trainees should show a larger performance improvement 
than the control subjects at the second test session. 
Factors confounding interpretation of the data. As revealed 
in the data, both the control subjects and the trainee pilots' 
RTs showed a marked decrease in session 2 but unfortunately, this 
increase in speed was accompanied by a reduction in accuracy (see 
Figures 18-41). The speed/accuracy tradeoff makes it difficult 
to unambiguously interpret the relationship between improving 
flight skills and changes in attentional function. 
A number of factors could have contributed to the 
speed/accuracy tradeoff over sessions. First, there seemed to be 
a lack of motivation in the subjects, particularly the trainee 
pilots. This lack of enthusiasm is evidenced in the high subject 
drop-out rate in the experiment. Although the subjects were 
paid for their participation, this did not seem to be sufficient 
incentive for them to continue in the experiment. This suggests 
that the ideal subjects for a study like this would be the 
applicants to the flight training programs in the Navy or the Air 
Force. Such a group of subjects would be expected to be highly 
motivated since their intention would be to pursue a career in 
military aviation. 
Second, the speed/accuracy tradeoff may be due to the boring 
nature of the tasks used in the present study. Each test session 
was carried out over two days, and each session was about two 
hours in duration. The only responses required of the subjects 
were key-presses. However, this schedule was chosen to reduce 
the inconvenience to the pilot subjects and to ensure that all 
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the pilots were administered the attentional tasks within the 
same test-retest intervals during the time they spent in flight 
training. 
Another potential reason for not finding a greater 
difference between the trainees and the control subjects in the 
attentional tasks is the relatively small sample size in the 
study. Thus, subjects who remained in the study might have 
differed in important ways from those who declined to continue. 
Finally, the lack of a significant group effect in 
attentional performance may be simply due to an insufficient 
improvement in flight skills. Thus, significant changes in 
attentional functions may occur only when a certain level of 
flight proficiency has been achieved, and a two to two and a half 
month period may not have been sufficient to achieve such a level 
of flight proficiency. 
Reliability of attentional measures over time. The 
proportion of variance in the criterion measures (hours of 
instructions before first solo flight, Lessons 12, 25, 30 check-
rides etc.) accounted by the Dichotic Listening Test and the 
Visual Attention Battery is summarized in Table 41. The data 
suggest that the Visual Attention Battery, at the very minimum, 
could account for a proportion of the variance in the criterion 
measures equivalent to the Dichotic Listening Test. 
More importantly, the evidence suggests that the aspects of 
attention as measured by the auditory and visual tests may be 
partially independent. This is reflected in the increase in the 
proportion of variance accounted for in the respective criterion 
measures when performance measures from the Dichotic Listening 
Test and Visual Attention Battery were submitted together as 
predictors in the regression analyses (see Table 41). 
Another interesting observation is that the scores from the 
Dichotic Listening Tests, when used in conjunction with the 
visual attentional effects as predictors, appear to be 
contributing less to the prediction of the trainees' performance 
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in the later part of their flight training (cf percentage 
variance accounted for in Lesson 12 check-ride scores, and 
Lessons 25 and 30 check-ride scores). As noted earlier, Dichotic 
Listening Test scores may be predictive of performance in only 
the early stage of flight training. 
The variance in the respective criterion measures 
attributable to the attentional effects measured with the Visual 
Attention Battery also show a decreasing trend over time (see 
Table 41). To examine the issue of long-term predictability in 
greater detail, a follow up of the trainees through their later 
phases of flight training is necessary. 
General Discussion 
The selection of pilots has come a long way since the Wright 
brothers flipped a coin to decide who would fly their airplane in 
1903. In the ensuing 90 years, various psychological tests have 
been used to select aircrew. Past research efforts in pilot 
selection were fueled by the same factor driving recent research 
in this area: the high cost of mistakes in choosing the wrong 
individual. Pilot selection historically followed two paths -
personality measurement, and assessment with perceptual-cognitive 
tests. In the present study, we have adopted the second approach 
and focussed on attentional abilities. 
In recognition of the increasing automation of aircraft 
attitude controls and the increasing role of the pilot as a 
system monitor, this study addressed the following question: 
Given that efficient attentional control underlies efficient 
monitoring/good flight performance, and given the availability of 
the numerous laboratory tasks used to study attention, would an 
individual's performance on these tests provide us with an index 
of his or her potential as a pilot? As can be seen from the 
results in Experiment 1, the performance measures obtained with 
the Visual Attention Battery allowed us to classify experienced 
and inexperienced pilots with a 74 percent accuracy (see Table 
15). And, as the regression analyses revealed, the attention 
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measures obtained from the trainee pilots in session 1 accounted 
for 35 percent of the variance in their Lesson 25 check-ride, and 
20 percent in the Lesson 30 check-ride. There was a 15 percent 
decrease in accounted variance over a period of four months. 
Whether this decrease is a statistical artifact because of the 
small sample size or whether this reduction in accounted variance 
is another instance of the commonly observed reduction in 
correlation between predictor measures and performance over time 
(see Ackerman, 1987 for review) cannot be determined within the 
present studies. However, the decrease in predictive validity 
coefficient is not a universal phenomenon. For example, 
Fleishman and his colleagues found that some ability tests 
systematically increase in association with performance as skills 
are acquired (see Fleishman, 1972 for review). Further research 
is required to determine the long-term reliability of the Visual 
Attention Battery. 
Departure from the norm. In using a battery of attentional 
tasks, we have departed from the usual approach taken by other 
investigators and their use of a single attentional measure to 
predict flight performance. For example, Gopher and North 
(1974), and North and Gopher (1976) found that the trainee 
pilots' performance in a variable priority dual-task to be 
reliably correlated with their instructors' rating of their 
performance flying potentials. Damos (1982) using a tracking and 
digit processing dual-task design found that median RT to the 
secondary task to be significantly correlated to performance in a 
check-ride given after 30 hours of flight training. 
The examples cited above are just two of the many studies in 
applied psychology devoted to finding a common time-sharing 
ability which could be used to predict flight performance. 
However, as the results from the regression analyses in 
Experiments 1 and 2 have shown, different attentional abilities 
were associated with different flight tasks (see Tables 27-29) . 
Furthermore, the time-sharing effects were not entered into some 
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of the regression models, and when they entered, the variance 
accounted for by these effects were less than some of the other 
attention effects. There is no doubt that the ability to time 
share contributes to efficient flight performance but the results 
from this study suggest that other attentional abilities are 
equally important to flight performance. 
With only a single measure of attention as a predictor, 
investigators studying the relationship between attentional 
control and flight proficiency may be limited to predicting 
performance within a narrow range of flight training. For 
instance, if we compare the regression model obtained from 
predicting lesson 12 flight proficiency (see Table 26) with the 
models predicting the number of instruction hours to pass the 
Lesson 25 and 30 check-rides-, we find that dual-task decrements 
were entered in the Lesson 12 regression model (Table 26) but not 
in the regression models obtained for Lesson 25 and 30 (Tables 37 
and 39). 
Justification for the use of attentional effects as 
predictors. Another difference between the present study and most 
of the research in this area is that the present study focussed 
on attentional effects, e.g., response competition, negative 
priming, etc., rather than the speed or accuracy of responding. 
As noted earlier, some sensitivity might have been forfeited in 
our performance measures due to our using such a conservative 
measure. However, the attentional effects seemed to be quite 
robust as shown by the increase in classification accuracy and 
proportion of variance accounted for when they were submitted as 
discriminant and predictor variables in the respective analyses. 
More importantly, with these effects, we are more certain that we 
are focusing on actual attentional abilities rather than RTs and 
accuracy of basic responses in our assessment of an individual's 
likelihood at passing the flight course. 
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Relationship between attentional abilities. Also mentioned 
previously, one of the objectives in this study was to examine 
more thoroughly the relationship between the different 
attentional abilities. For example, it is not known if an 
individual with good performance in a time-sharing task would be 
equally proficient in a task requiring focused attention. From 
the results of the regression analyses in Experiment 1 and 2, it 
appears that these abilities are at least partially independent. 
Focused attention in the visual and auditory modalities also seem 
to be partially independent processes as is evidenced by the non-
significant correlation between the response compatibility effect 
and performance in part 1 of the dichotic listening task (see 
Table 10). 
Future research. The objective of Experiment 2 was to 
determine if training in a complex skill, fixed wing flight, 
would lead to a change in attentional performance on simple 
laboratory tasks. The implication of this is that if attentional 
abilities were found to be malleable then a more direct approach 
could be taken to teach the appropriate attentional skills to 
individuals so that they can cope with the attentional demands 
they are subjected to in their line of work, e.g., air traffic 
control. For instance, Gopher (1990; Gopher, Wiel & Siegel, 
1989) found that subjects who were taught attentional control 
strategies via a computer game, later benefitted from the 
training when they were transferred to another task. However, at 
this time we do not have any clear evidence as to whether flight 
training leads to increased efficiency in attention control. 
Further research has to be carried out to address this issue. 
Conclusions 
There is a potential for the visual attention tasks used in 
this study to serve as tools to evaluate a flight candidate's 
attentional abilities. Aircrew selection research has been an 
area of continuing and intense interest over the last 80 years. 
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Historically, the selection tools that have been used are those 
that have been proven valid in the various training programs. 
While the primary concern in evaluating a selection battery is to 
determine whether it has demonstrable validity, consideration 
should also be given to whether the gains of implementing the 
selection battery be sufficient to offset the cost of 
administration. 
In pilot selection, given the very high cost of training and 
maintaining pilot proficiency as well as the responsibilities 
that pilots have for a large number of lives and very expensive 
aircraft, selection tests with very small validities will still 
benefit the organization. Even if the proportion of variance in 
performance accounted for is small, personnel evaluation based on 
the application of the principles of psychological measurement 
could still have considerable utility by virtue of it reducing 
the individual biases and arbitrary judgements in the selection 
process. 
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Tables 
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Table 1 Examples of task-pairings in dual-task paradigms. 
Source Task Pairing 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Braune & Wickens 
(1984) 
Crosby & Parkinson 
(1979) 
Damos (1982) 
Delaney (1992) 
Fournier & Stager 
(1977) 
Fowler (1981) 
Imhoff & Levine 
(1981) 
Kantor & Carretta 
(1988) 
North & Gopher 
(1976) 
Park & Lee (1992) 
Stokes, Banich 
& Elledge (1991) 
Sverko, Jerneic, 
Kulenovic (1983) 
Stager & Laabs 
(1977) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
i) 
ii) 
Aircraft Control (Simulator) 
Memory Search 
Simulated Ground Control Approach 
Memory Search 
Compensatory Tracking 
Choice Reaction Time 
Hand/Feet Compensatory Tracking 
Dichotic Listening 
Visual Decision 
Auditory Shadowing Task 
Speed Control 
Tracking Control 
Compensatory Tracking 
. Choice Reaction Time 
Left-hand Tracking 
Right-hand Tracking 
Compensatory Tracking 
Digit Cancelling 
2-D Compensatory Tracking 
Speed Estimation 
Compensatory Tracking 
Sternberg Memory 
Choice Reaction Time with H&s 
Choice Reaction Time with Feet 
Pursuit Tracking 
Simple Reaction Time 
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Table 4. Correlation matrix for age, flight-time, Cognitive 
Failures Questionnaire, errors in the first part of the Dichotic 
Listening Test, switching errors and omission errors from part 2. 
OM_2 and OM_3, and lntru_0, Intru_l and Intru_2 are the respective 
omission and intrusion errors in part 2 (the numbers, identify the 
series relative to the switch signal where the errors occurred). 
The probability of H0: r= 0 for each correlation is shown below the 
respective correlation coefficient. 
AGE 
FLTTIME 
COGFAIL 
OMISSION 
INTRU 
S_ERROR 
-0.440 
0.0008 
-0.333 
0.0129 
0.172 
0.2090 
0.117 
0.3934 
0.126 
0.3605 
INTRU_0 
OM_0 
-0.355 
0.0079 
-0.440 
0.0008 
-0.004 
0.9770 
0.376 
0.0047 
0.275 
0.0421 
OMISSIONS 
INTRUSIONS 
INTRU. .1 
OM_l 
-0.327 
0.0148 
-0.277 
0.0405 
0.029 
0.8359 
0.187 
0.1725 
0.428 
0.0011 
INTRU. 
OM_2 
-0.151 
0.2718 
-0.096 
0.4840 
-0.277 
0.0406 
0.392 
0.0031 
0.285 
0.0349 
.2 
AGE -0.400 
0.0025 
-0.135 
0.3256 
•0.163 
0.2356 
FLTTIME -0.367 
0.0058 
-0.131 
0.3395 
-0.157 
0.2532 
COGFAIL 
OMISSION 
0.125 
0.3630 
0.282 
0.0370 
0.190 
0.1656 
0.354 
0.0079 
-0.200 
0.1423 
0.205 
0.1329 
INTRU 0.262 
0.0532 
0.586 
0.0001 
0.196 
0.1524 
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Table 9. Slopes across the three set sizes with the R2 for linear fit 
in the Conjunction Search Task. 
Target 
GROUP Present Minimum Maximum R2 
Instructors 20.00 10.44 28.84 .71 
Trainees 16.64 7.89 25.68 .72 
Target 
GROUP Absent Minimum Maximum R2 
Instructors 41.34 16.92 56.73 .84 
Trainees 35.78 16.48 52.83 .76 
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Table 12. Median response time (ms) and magnitude of negative 
priming effects for instructor and student pilots. Accuracy 
scores (%) are shown in parentheses. 
Control Ignored Repetition Difference 
Instructors 424.6 (95.5) 427.5 (94.4) 2.9 (-1.1) 
Trainees 371.3 (92.6) 377.3 (92.7) 6.0 ( 0.1) 
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Table 16. Performance measures from the Dichotic Listening Test 
and Visual Attention Battery entered into the respective 
discriminant models entry level set at p < .05. Weightings of 
variables are positive unless indicated otherwise. 
Dichotic Listening Test: 
Variable Entered: 
i) Switching Error 
PARTIAL R2 
0.23 
Weight 
Visual Attention Battery - Attentional Effects: 
Variable Entered: 
i) Response Compatibility effect (accuracy) 
ii) Conjunction Search slope 
PARTIAL R2 
0.25 
0.11 
Weight 
Dichotic Listening Test 
(Attentional Effec ts ) : 
(Forced)+ Visual Attention Battery 
Variable Entered: PARTIAL R2 
i) Dichotic Lis ten ing Test e r r o r s forced in to model 0.41 
i i ) Response Compat ib i l i ty Effect (accuracy) 0.17 
i i ) Conjunction Search slope 0.15 
Weight 
DLT (Selected at p < .05)+ Visual Attention Battery 
(Attentional Effec ts ) : 
Variable Entered: 
i) Switching Errors 
i i ) Response Compat ibi l i ty Effect (accuracy) 
i i ) Conjunction Search s lope 
PARTIAL R2 
0.26 
0.20 
0.09 
Weight 
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Table 16 (continued). Performance measures from the Dichotic 
Listening Test and Visual Attention Battery entered into the 
respective discriminant models entry level set at p < .05. 
Weightings of variables are positive unless indicated otherwise. 
Visual Attention Battery (median RT and percentage accuracy): 
Variable Entered: 
i) Accuracy Incompatible Trials 
ii) RT 20outside_80inside 
iii) RT Setsize 11 
iv) Accuracy 50inside_50outside 
v) Accuracy Setsize 5 
vi) RT Setsize 25 
vii) RT Center Target 
viii) Accuracy 80outside_20inside 
ix) Accuracy Uncued Location 
x) Slope 
PARTIAL 
Response Compatibility Test 0.25 
Divided Attention Test 0.20 
Form Search 0.13 
Divided Attention Test 0.11 
Color Search 0.10 
Conjunction Search 0.13 
Inhibition of Return Test 0.11 
Divided Attention Test 0.13 
Inhibition of Return Test 0.11 
Feature Search 0.14 
R2 Weight 
Dichotic Listening Test (Forced)+ Visual Attention Battery 
(median RT and percentage accuracy): 
Variable Entered: 
i) Dichotic Lis tening Test e r r o r s 
i i ) RT 20outside_80inside - Divided Attent ion Test 
i i i ) Slope - Color ( ta rge t absent) Search 
PARTIAL R2 Weight 
0.41 
0.42 
0.10 
DLT (selected at p < .05 )+Visual Attention Battery 
(median RT and percentage accuracy): 
Variable Entered: 
i) 
ii) 
iii) 
iv) 
v) 
vi) 
vii) 
viii) 
ix) 
x) 
Switching 
RT 20out 
Accuracy 
Accuracy 
Accuracy 
Accuracy 
Accuracy 
RT 
Accuracy 
Accuracy 
Errors 
side_80inside 
Incompatible Trials 
50inside_50outside 
Compatible Trials 
Setsize 5 
0outside_100inside 
Setsize 11 
Setsize 5 
80outside_20inside 
PARTIAL R2 Weight 
Dichotic Listening Test 0.26 
Divided Attent ion Test 0.25 
Response Competition Test 0.17 
Divided Attent ion Test 0.16 
Response Competition Test 0.14 
Form ( ta rge t absent) Search 0.17 
Divided Attent ion Test 0.10 
Form ( ta rge t absent) Search 0.09 
Color ( ta rge t present) Search 0.11 
Divided Attent ion Test 0.10 
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Table 17. Stepwise regression of Dichotic Listening Test Scores 
of flight time: Predictor variables and their respective weights 
in the regression function. 
INSTRUCTORS 
Variable 
1 Omission 0 
Positive/negative 
weighting 
Partial 
R2 
1534 
TRAINEES 
Variable 
Positive/negative 
weighting 
Partial 
R2 
1 
2 
Omission_l 
Intrusion 
.202 
,170 
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Table 18. Stepwise regression of attentional effects measured by 
with the Visual Attention Battery on flight time: Predictor 
variables and their respective weights in the regression 
function. 
INSTRUCTORS 
Variable 
Positive/negative 
weighting 
Partial 
R2 
1 
2 
3 
4 
5 
Col Tgt absent slope 
Form Tgt absent slope 
50out_50in-Single Ace 
Resp Comp Ace 
IOR (RT) 600 ms SOA 
+ 
+ 
,320 
,107 
,060 
,760 
,040 
TRAINEES 
Variable 
Positive/negative 
weighting 
Partial 
R2 
1 
2 
3 
4 
5 
Col Tgt absent slope 
50out_50in-Single Ace 
Neg Priming (RT) 
80out_20in-Single Ace 
Neg Priming (Ace) 
+ 
+ 
+ 
,109 
,123 
,158 
,141 
,059 
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Table 19. Stepwise regression of scores in the Dichotic 
Listening Test and attentional effects measured by with the 
Visual Attention Battery on flight time: Predictor variables and 
their respective weights in the regression function. 
INSTRUCTORS 
Variable 
1 Col Tgt absent slope 
2 Form Tgt absent slope 
3 50out_50in-Single Ace 
4 Resp Comp Ace 
5 IOR (RT) 600 ms SOA 
TRAINEES 
Variable 
1 Omission_l 
2 Intrusion (DLT Part 1) 
3 50out_50in-Single Ace 
4 Intrusion_l 
5 80out_20in-Single Ace 
Positive/negative 
weighting 
+ 
+ 
-
-
+ 
Positive/negative 
weighting 
+ 
-
-
+ 
-
Partial 
R2 
.320 
.107 
.060 
.760 
.040 
Partial 
R2 
.202 
.170 
.073 
.077 
.077 
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Table 20. Mean of percentage deviation from the vertical 
(P_VERT), lateral (P_LAT), and speed (P_SPD) criteria for 
instructor and trainee pilots in segments 8, 10, and 10 of the 
flight simulation task. Significant group difference (p < .05) in 
each measure is indicated with an asterisk. 
Segment 8: Speed and Heading changes. 
Percentage Deviation 
Vertical Lateral Speed 
Group Mean SD Mean SO Mean SO 
Instructors 65.87' 44.95 193.90* 294.52 124.03* 80.97 
Trainees 103.06 60.71 294.52 168.23 120.00 60.16 
Segment 10: Altitude and speed changes. 
Percentage Deviation 
Vertical Lateral Speed 
Group Mean SD Mean SD Mean SD 
Instructors 153.46* 67.26 34.34* 16.32 53.96 29.62 
Trainees 260.56 123.85 60.10 47.04 87.30 52.84 
Segment 13: Straight and level flight at constant speed. 
Percentage Deviation 
Vertical Lateral Speed 
Group Mean SD Mean SD Mean SD 
Instructors 55.17 35.02 35.04 32.52 63.17 32.27 
Trainees 68.51 52.41 70.08 173.43 82.90 46.68 
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Table 21. Summary of the total variance in the performance measures 
obtained in the flight simulation task accounted by the Dichotic 
Listening Test (DLT) and the Visual Attention Battery (VAB). 
Segment 8 required an airspeed and heading change while the pilot 
maintained altitude. Segment 10 required the pilot to reduce speed 
and make a descent. Segment 13 was a straight and level maneuver 
where the pilot was required to maintain heading, speed and 
altitude. 
Segment 8 
Segment 10 
Segment 13 
P-VERT 
P-LAT 
P-SPEED 
P-VERT 
P-LAT 
P-SPEED 
P-VERT 
P-LAT 
P-SPEED 
DLT 
0.237 
0.162 
0.122 
0.433 
0.048 
0.226 
0.086 
0.149 
0.172 
VAB 
0.281 
0.161 
0.176 
0.423 
0.388 
0.259 
0.150 
-
0.135 
DLT + VAB 
0.592 
0.461 
0.226 
0.680 
0.604 
0.612 
0.150 
0.427 
0.204 
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Table 22. Stepwise regression of scores in the Dichotic Listening 
Test and attentional effects measured by with the Visual Attention 
Battery on flight simulation performance (Segment 8): Predictor 
variables and their respective weights in the regression function. 
p 
1 
2 
3 
4 
5 
6 
7 
8 
9 
P 
1 
2 
3 
4 
5 
6 
7 
8 
P 
Vert 
Variable 
Omission_0 
80_20in-single RT 
Form_tgt_abs Slope 
Resp Comp (RT) 
20_80in_single RT 
Cognitive Failure 
Resp Comp (ACC) 
Intrusion_2 
lntrusion_0 
Lat 
Variable 
Switching Error 
Cognitive Failure 
Omission_0 
Cued-uncued ACC at 600' 
Intrusion_2 
Resp Comp (RT) 
80_20in-single ACC 
Cued-uncued RT at 100' 
.Speed 
Variable 
Positive/negative 
weighting 
+ 
+ 
-
-
-
+ 
-
+ 
~ 
Positive/negative 
weighting 
+ 
+ 
+ 
-
+ 
-
-
+ 
Positive/negative 
weighting 
Partial 
R2 
.198 
.082 
.086 
.043 
.043 
.033 
.027 
.023 
.030 
Partial 
R2 
.162 
.060 
.043 
.045 
.041 
.051 
.030 
.030 
Partial 
R2 
1 Negative Priming (RT) 
2 Cued-uncued ACC at 600' 
3 intrusionO 
,100 
.077 
.050 
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Table 23. Stepwise regression of scores in the Dichotic Listening 
Test and attentional effects measured by with the Visual Attention 
Battery on flight simulation performance (Segment 10): Predictor 
variables and their respective weights in the regression function. 
p 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
P 
1 
2 
3 
4 
5 
6 
7 
8 
9 
P 
Vert 
Variable 
Resp Comp effect ACC 
Omission_0 
Cued-uncued ACC at 600' 
Cj Tgt present slope 
Cued-uncued ACC at 100' 
lntrusion_0 
Omission 
20_80in-single RT 
Intrusion 
Switching Error 
Col Tgt absent slope 
Lat 
Variable 
Resp Comp effect RT 
20_80in-single RT 
Col Tgt absent slope 
Switching Error 
50_50in-single ACC 
Omission_l 
Intrusion,! 
50_50in-single RT 
Omission_0 
Speed 
Variable 
Positive/negative 
weighting 
+ 
+ 
-
-
+ 
-
-
-
+ 
+ 
— 
Positive/negative 
weighting 
-
-
-
+ 
-
-
+ 
+ 
+ 
Positive/negative 
weighting 
Partial 
R2 
.174 
.106 
.075 
.052 
.054 
.050 
.054 
.038 
.038 
.021 
.020 
Partial 
R2 
.238 
.078 
.073 
.043 
.027 
.034 
.051 
.038 
.022 
Partial 
R2 
1 Omission_0 
2 Cognitive Failure 
3 lntrusion_0 
4 Omission 
5 20_80in-single RT 
6 50_50in-single ACC 
7 50_50in-single RT 
8 B0_20in-single RT 
9 20_80in-single ACC 
10 Cj Tgt absent slope 
+ 
+ 
+ 
+ 
,168 
,072 
,066 
.050 
.039 
.028 
.035 
.075 
.055 
.024 
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Table 24. Stepwise regression of scores in the Dichotic Listening 
Test and attentional effects measured by with the Visual Attention 
Battery on flight simulation performance (Segment 13): Predictor 
variables and their respective weights in the regression function. 
P Vert 
Positive/negative Partial 
Variable weighting R2 
1 Cj Tgt absent slope - .098 
2 Negative Priming (RT) + .052 
P Lat 
Positive/negative Partial 
Variable weighting R2 
1 Omission_l + .149 
2 Negative Priming (ACC) + .035 
3 50_50in-single ACC - .071 
4 Resp Comp effect ACC - .061 
5 lntrusion_0 + .060 
6 Cued-uncued ACC at 600' - .051 
P_Speed 
Positive/negative Partial 
Variable weighting R2 
1 Omission_2 + .121 
2 50_50in-single ACC + .083 
127 
Table 25. Stepwise regression of scores in the Dichotic Listening 
Test, Cognitive Failures Questionnaire, and attentional effects 
measured by with the Visual Attention Battery on hours of 
instructions before first solo flight: Predictor variables and 
their respective weights in the regression function. 
DLT 
No variables met the 0.15 significance level for entry into the 
model 
VAB 
Positive/negative Partial 
Variable weighting R2 
1 Cognitive Failure + .229 
VAB and DLT 
Positive/negative Partial 
Variable weighting R2 
1 Cognitive Failure + .229 
2 Intrusion_l + .144 
3 lntrusion_0 - .131 
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Table 26. Stepwise regression of scores in the Dichotic Listening 
Test, Cognitive Failures Questionnaire, and attentional effects 
measured by with the Visual Attention Battery on hours of 
instructions to pass Lesson 12 check-ride: Predictor variables and 
their respective weights in the regression function. 
DLT 
Positive/negative Partial 
Variable weighting R2 
1 Intrusion..! + .220 
VAB 
Positive/negative Partial 
Variable weighting R2 
1 Form_tgt_pres slope + .287 
2 20_80in-single ACC + .124 
DLT and VAB 
Positive/negative Partial 
Variable 
Form_tgt_pres slope 
Intrusion..! 
Omission 
20_80in-single RT 
Cj tgt pres slope 
Omission_l 
50_50in-single RT 
80 20in-single RT 
weighting 
+ 
+ 
+ 
+ 
-
-
+ 
-
R2 
.287 
.424 
.180 
.036 
.022 
.018 
.010 
.012 
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Table 27. Stepwise Regression of the Dichotic Listening Test, 
Cognitive Failures Questionnaire and attentional effects as 
measured with the Visual Attention Battery on Lesson 12 check-ride 
scores: Predictor variables and their respective weights in the 
regression function. 
DLT 
No variables met the 0.15 significance level for entry into the 
model 
VAB 
Positive/negative Partial 
Variable weighting R2 
1 Cj tgt absent slope + .236 
2 Cued-Uncued RT at 100' - .259 
VAB and DLT 
Positive/negative Partial 
Variable weighting R2 
1 Cj tgt absent slope + .236 
2 Cued-Uncued RT at 100' - .259 
3 Intrusion,! + .098 
4 Neg Priming (RT) - .145 
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Table 36. Median response time (ms) and magnitude of negative 
priming effects for trainee pilots and control subjects in 
session 1 and 2. Accuracy scores (%) are shown in parentheses. 
Session 1 
Control Ignored Repetition Difference 
Control 441.33 (92.7) 445.7 (93.0) 4.4 (-0.3) 
Trainees 375.6 (92.6) 382.3 (92.5) 6.7 (-0.1) 
Session 2 
Control Ignored Repetition Difference 
Control 399.19 (92.1) 403.48 (92.0) 4.3 (-0.1) 
Trainees 348.1 (90.8) 340.60 (90.2) -7.5 (-0.6) 
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Table 37. Stepwise Regression of the Dichotic Listening Test, 
Cognitive Failures Questionnaire and attentional effects as 
measured with the Visual Attention Battery on hours of . 
instruction to pass Lesson 25 check-ride: Predictor variables and 
their respective weights in the regression function. 
DLT 
1 
VAB 
1 
2 
DLT 
Variable 
Intrusion_l 
Variable 
Cued-Uncued ACC at 
Resp Comp (ACC) 
and VAB 
Variable 
100' 
Positive/negative 
weighting 
+ 
Positive/negative 
weighting 
+ 
Positive/negative 
weighting 
Partial 
.184 
Partial 
Partial 
1 Cued-Uncued ACC at 100' - .192 
2 Resp Comp (ACC) + .154 
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Table 38. Stepwise Regression of the Dichotic Listening Test, 
Cognitive Failures Questionnaire and attentional effects as 
measured with the Visual Attention Battery on Lesson 25 check-. 
ride scores: Predictor variables and their respective weights in 
the regression function. 
DLT 
No variables met the 0.150 significance level for entry into the 
model 
VAB 
Variable 
Positive/negative 
weighting 
Partial 
1 Negative Priming (RT) 
2 Resp Comp (RT) 
,203 
.172 
VAB and DLT 
Variable 
Positive/negative Partial 
weighting R2 
1 Negative Priming 
2 Resp Comp (RT) 
,203 
,172 
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Table 39. Stepwise Regression of the Dichotic Listening Test, 
Cognitive Failures Questionnaire and attentional effects as 
measured with the Visual Attention Battery on hours of 
instruction to pass Lesson 30 check-ride: Predictor variables 
and their respective weights in the regression function. 
DLT 
Variable 
Intrusion,.! 
Positive/negat ive 
weighting Partial 
,202 
VAB 
Variable 
Cued-Uncued ACC at 600' 
Positive/negative Partial 
weighting Rz 
,202 
DLT and VAB 
Variable 
Positive/negative 
weighting 
Partial 
1 Intrusion! 
2 Form_tgt abs slope 
3 Cj Tgt AEsent slope 
4 Cued-Uncued RT at 600' 
5 Omission_0 
6 Omission_l 
7 Intrusion 
+ 
+ 
+ 
+ 
+ 
+ 
,202 
,141 
,148 
,140 
,151 
,089 
.053 
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Table 40. Stepwise Regression of the Dichotic Listening Test, 
Cognitive Failures Questionnaire and attentional effects as 
measured with the Visual Attention Battery on Lesson 30 check- , 
ride scores: Predictor variables and their respective weights in 
the regression function. 
DLT 
No variables met the 0.15 significance level for entry into the 
model 
Positive/negative Partial 
Variable weighting R _ _ 
1 Cued-Uncued ACC at 600' - .216 
VAB and DLT , . . 
Positive/negative Partial 
Variable weighting Rz 
1 Cued-Uncued ACC at 600' .216 
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FIGURES 
145 
Boeing 747-300 
Boeing 747-WO 
Figure 1. Comparison between the instrument layout in the 
cockpit of an.aircraft with traditional dial displays (top), and' 
an aircraft with electroninc displays. 
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APPROACH LANDING 
AIRSPEED INDICATION 
- displays ADC airspeed in knots 
ATTITUDE INDICATION 
- displays IRS attitude 
ALTITUDE INDICATION 
- displays ADC altitude 
VERTICAL SPEED INDICATION 
- displays IRS vertical speed 
HEADING INDICATION 
- displays IRS heading 
Figure 2. Example of an electronic cokpit display: The 
Attitude/ Direction Indicator. 
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Selected Heading 
MAP 
'Weather Radar Status 
Groundspeed 
•«<•• 22.3-
MAP CTR 
Current Heading and Reference 
Compass Rose 
Present Track Line and Range Scale 
Active Route 
Weather Returns 
Vertical Pointer and Deviation Scale 
Trend Vector 
Airplane Symbol 
IRS/FKC Update Status 
True Airspeed 
Wind Bearing/Speed and Direction 
Active Waypoint Information 
Left VOR/ADF Pointer 
Right VOR/ADF Pointer 
Left VOR/ADF Information 
Right VOR/ADF Information 
NOTE: For complete description of NO 
sysbols, refer to the syabology 
table, this chapter. 
Figure 3. Example of an electronic cockpit display: Electronic 
navigation display. 
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Segment 13 
S T A R T 
A = Airspeed Change 
6 = Heading Change 
C=Attitude Change 
Figure 13. Plan-view of the flight maneuvers performed by the 
instructor and trainee pilots. 
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Figure 14. Median response time (RT) and accuracy (percent) of 
instructors and student pilots as functions of display,set size 
in the Feature Search (Color) Task:- Target present trials. 
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Figure 15. Median response time (RT) and accuracy (percent) of 
instructors and student pilots as functions of display set size 
in the Feature Search (Color) Task: Target absent trials. 
FEATURE SEARCH - FORM 
160 
900 
BOO '-
700 -CK 
Z 
< 
Q 
W 
2
 6oo 
500 
i = GET PRESENT TRIALS 
11 25 
INSTRUCTORS 
TRAINEES 
100 
95 -
K 90 ' 
>-
U 85 
< 
3 
CJ 
CJ 
< 
eo -
75 
70 
1 
1 
1 
•
 
—
1 
—
I 
1 
1 
. 
11 
SET SIZE 
25 
Figure 16. Median response time (RT) and accuracy (percent) of 
instructors and student pilots as functions of display set size 
in the Feature Search (Form) Task: Target present trials 
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Figure 17. Median response time (RT) and accuracy (percent) of 
instructors and student pilots as functions of display set size 
in the Feature Search (Form) Task: Target absent trials. 
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Figure 18. Median response time (RT) and accuracy (percent) of 
instructors and,student pilots as functions of display set size 
in the Conjunction Search Task: Target present trials. 
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Figure 19. Median response time (RT) and accuracy (percent) of ins t ruc to r s and student p i lo t s as functions of display set s ize in the Conjunction Search Task: Target absent t r i a l s . 
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Figure 20. Median response time (RT and accuracy (percent) 
obtained by instructors and student pilots in the compatible and 
incompatible conditions of the Response Competition Task. 
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Figure 21. Median response time (RT and accuracy (percent) 
obtained by instructors and student pilots in the Inhibition of 
Return Task: 100 ms cue-stimulus onset asynchrony (soa). 
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Figure 22. Median response time (RT and accuracy (percent) 
obtained by instructors and student pilots in the Inhibition of 
Return Task: 600 ms cue-stimulus onset asynchrony (soa). 
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Figure 23. Median response time (RT) and accuracy (percent) 
obtained by instructors and student pilots in the control and 
ignored repetition trials of the Negative Priming Task. 
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Figure 24. Median response time (RT) and accuracy.(percent) 
obtained by instructors and student pilots in the single-task, 
and dual-task conditions of the Divided Attention Task. 
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Figure 25. .Median response-time (RT) and accuracy (percent) 
obtained.by instructors and student pilots in the Attention 
Flexibility Task. 
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Figure 26. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Feature Search (Color) Task: Target present 
trials. 
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Figure 27. Median response time (RT) and.accuracy (percent 
obtained by control subjects and student pilots in their fir 
session of the Feature search (Color) Task: Target absent 
trials. 
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Figure 28. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Feature search (Color) Task: Target present 
trials. 
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Figure 29. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Feature search (Color) Task: Target absent 
trials. 
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Figure 30. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Feature Search (Form) Task: Target present r 
trials. 
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Figure 31. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Feature Search (Form) Task: Target absent trials, 
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Figure 32. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Feature Search (Form) Task: Target present 
trials. 
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Figure 33. Median response-time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Feature search (Form) Task: Target absent trials. 
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Figure 34. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Conjunction Search Task: Target present trials, 
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Figure 35. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Conjunction Search Task: Target absent trials. 
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Figure 36. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Conjunction Search Task: Target present trials. 
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Figure 37. Median response time (RT) and.accuracy /percent) 
obtained by control subjects and student pilots in their second 
session of the Conjunction Search Task: Target absent trials. 
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Figure 38. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Response Competition Task. 
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Figure 39. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Response Competition Task. 
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Figure 40. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their.first 
session of the Inhibition of Return Task: 100 ms cue-stimulus 
onset asynchrony (soa). 
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Figure 41. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their.first 
session of the Inhibition of Return Task: 600 ms cue-stimulus 
onset asynchrony (soa). 
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Figure 42. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their.second 
session of the Inhibition of Return Task: 100 ms cue-stimulus 
onset asynchrony (soa). 
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Figure 43. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Inhibition of Return Task: 600 ms cue-stimulus 
onset asynchrony (soa). 
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Figure 44. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Negative Priming Task. 
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Figure 45. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Negative Priming Task. 
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Figure 46. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Divided Attention Task. 
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Figure 47. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Divided Attention Task. 
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Figure 48. Median response time (RT) and.accuracy (percent) 
obtained by control subjects and student pilots in their first 
session of the Attention Flexibility Task. 
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Figure 49. Median response time (RT) and accuracy (percent) 
obtained by control subjects and student pilots in their second 
session of the Attention Flexibility Task. 
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Appendix 1 
Personal Data and Flight Experience Questionnaire. 
1. Name: 
2. Age: 
3. Gender: 
4. Please list the certificates and ratings that you currently hold. 
5. Circle as appropriate: 
STUDENT / PART-TIME INSTRUCTORS / FULL-TIME INSTRUCTORS 
6. Please fill in the appropriate flight hours. 
i) non-Instrument time, last 90 days 
ii) Instrument time, last 90 days 
iii) Simulator time, last 90 days 
iv) Total non-Instrument time 
v) Total Instrument time 
vi) Total Simulator time 
7. i) If you have received flight training prior to enrolment in 
the Institutes program, list type of training and hours 
flown: 
8. For AV 101 Students only: 
Total hours under instructions in AV 101 
Number of hours under instruction before 
first solo flight 
Total solo hours in AV 101 
Total solo hours to date 
Number of checkrides taken in AV 101 
Number of AV 290 hours 
Number of AV 102 courses taken 
Please list your current flight instructor(s). 
i ) 
i i ) 
i i i ) 
iv) 
v) 
v i ) 
vii) 
v i i i ) 
9. For AV 120 Students only: 
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i) Total hours under instructions in AV 101 
ii) Number of hours under instruction before 
first solo flight 
iii) Total solo hours in AV 101 
iv) Total hours under instructions in AV 120 
v) Number of hours under instruction before 
first solo X-country flight 
vi) Total solo hours in AV 120 
vii) Total solo hours to date 
viii) Number of checkrides taken in Av 120 (after 
first solo X-country & before PPL checkride) 
ix) Number of checkrides taken in Av 120 
to obtain PPL 
x) Number of AV 290 hours 
xi) Number of AV 102 courses taken 
xii) Please list your current flight instructor(s) 
A p p e n d i x 2 
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The following questions arc about minor mistakes which everyone makes from time to time, but some 
of which hap|>en more often thaq others. We want to know how often these things have happened to 
you in the last six months. Please cirde the appropriate number. 
Very Quite Very 
often often • Occasionally rarely Never 
1. Do you read something and find you haven't been 
thinking about it and must read it again? 4 
2. Do you find you forget why you went from one part 
of the house to the other? 4 
3. Do you fail to notice signposts on the road? 4 
4. Do you find you confuse right and left when giving 
directions? 4 
. 5. Do you bump into people? 4 
6. Do ycu find you forget whether you've turned off a 
light or a fire or locked the door? 4 
7. Do you fail to listen to people's names when you are 
meeting them? 4 
8. Do you say something and realize afterwards that it 
might be taken as insulting? 4 
*). Do you fail to hear people speaking to you when you 
arc doing something else? 4 
10. Do you lose your temper and regret it? 4 
11. Do you leave important letters unanswered for days? 4 
12. Do you find you forget which way to turn on a road 
you know well but rarely use? 4 
13. Do you fail to sec what you want in a supermarket 
(although it's there)? 4 
" 14. Do you find yourself suddenly wondering whether 
you've used a word correctly? 4 
' 15. Do you have trouble making up your mind? 4 
I A. Do you find you forget appointments? 4 
. 17. Do you forget where you put something like a news-
paper or a book? 4 
IS. Do you find you accidentally throw away the thing 
you want and keep what you meant to throw away -
as in the example of throwing away the matchbox 
and putting the used match in your pocket? 4 
IV. Do you daydream when you ought to be listening to 
something? 4 
' 20. Do you find you forget people's names? , 4 
21. Do you start doing one thing at home and get dis-
tracted into doing something else (unintentionally)? 4 
22. Do you find you can't quite remember something al-
though it's on the tip of your tongue'? 4 
23. Do you find you forget what you came to the shops 
to buy? 4 
24. Do you drop things? 4 
25. Do you find you can't think of anything to say? 4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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Student: 
OrJ^rpn of IIIL-wa 
Ins/M* of Aviuion 
Results: Pass Fail 
Flinh! tntfnirtnr Fllqhi Test Time: 
Check Pilot: 
Pass Fail 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 000000 
000000 
• CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 00000 
00000 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
A/C Number- Date: 
FLIGHT 
I. PREF 
A. Certifi 
B. Airplar 
C. Obtain 
0. Cockp 
E. Airplar 
F. Engine 
II. AIRPC 
A. Radio 
B. Airport 
C. Operat 
0. Traffic 
E. Collisic 
F. Wake-
III. FUGH 
A. Level! 
B. Consta 
C. Climbif 
0. Glides 
IV. FUGH 
A. Redan* 
B. Turns/ 
V. FUGH' 
A. Maneuv 
B. Immine 
C. Full Sta 
VI. FUGH1 
A. Basic -
B. Critical 
C. Use off 
VII. TAKEO 
A. Normal 
B. Normal 
C. Slips to 
D. Go-Aroi 
E. No-Flap 
VIII.NIGHT 
A. Prepara 
B. Takeoff 
C. VFRNa 
IX. EMERG 
A. Partial o 
B. System 
C. Lost Pro 
\ s & . AUGTO 15:3 
LESSON 12 POST LOCAL SOLO STAGE CHECK GUIDE 
PRIVATE PILOT AIRPLANE 1. AVIATION 101 
1GHT PREPARATION 
ales and Documents 
e Performance and Limitations, Systems Operations 
ing Weather Informalion 
t Management 
e Servicing and Line Inspection 
and Systems Prefllght Check 
RT OPERATIONS 
Communication and ATC Light Signals 
and Runway Markings and Lighting 
ons on the Surface - Taxiing. Brake Check 
Pattern Operations - Entry. Departure 
n Avoidance Procedures 
Turbulence Avoidance 
T MANEUVERING 
urns - Shallow, Medium, Steep Bank Angles 
nt Altitude Turns (45" Bank) 
ig and Descending Turns 
• Cruise and Landing Configurations 
TMANFUVFRING BY REFERENCE TO GROUND OBJECTS 
gular Course 
vbout a Point 
r AT CRITICALLY SLOW AIRSPEEDS 
wring at Various Airspeeds - Minimum Controllable through Cruise 
nt Stalls - Power On and Off 
lis-Power On and Off 
r RY RPPPRPNrP Tfl INSTR1IMFNTS 
Straight and Level Flight. Airspeed Climbs & Descents. Turns to Headings 
Flight Attitudes 
Radio Aids and Radar Services, VOR Tracking and Orientation 
FFS AND LANDINGS 
and Crosswind Takeoffs ' 
and Crosswind Landings 
a Landing, Forward Slip. Side Slip 
ind From a Rejected Landing - Final Approach, Flare 
Landings 
FLYING fOotionall 
ion and Equipment 
; and Landings 
vigation 
ENCY OPERATIONS 
r Complete Power Malfunction 
or Equipment Malfunction 
cedures 
101-24 Rw:CS/|*/93 
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Flight performance measures recorded in the Flight Simulation 
Task. 
RMS. 
RMS. 
RMS. 
RMS. 
RMS. 
RMS. 
RMS. 
RMS. 
RMS. 
_HDG 
.ALT 
_SPD 
.TURN 
_CLB 
_XPOS 
.YPOS 
_XVEL 
_YVEL 
P_HDG 
P_TURN 
PLAT 
RMS error Heading 
RMS error Altitude 
RMS error Speed 
RMS error turn rate 
RMS climb rate 
RMS error roll 
RMS error pitch 
RMS error roll velocity-
RMS error pitch velocity 
Percentage deviation from Heading Criterion* 
Percentage deviation from Turn Criterion** 
Sum of P_hdg and P_Turn 
P_ALT Percentage deviation from Alt i tude Criterion* 
P_CLB 
P VERT 
Percent exceeding Climb Criterion**** 
Sum of P_ALT and PCLB 
P_SPD Percentage deviation from Speed Criterion*** 
T_HDG 
T_ALT 
T_SPD 
T ALL 
Percent Time Heading in criterion 
Percent Time Altitude in criterion 
Percent Time Speed in criterion 
Percent Time all parameters in criterion 
Performance Criterion 
Heading Criterion +/- 5° of specified heading 
Turn Criterion +/- 5° of 180°/min turn rate 
Altitude Criterion +/- 50 feet of specified altitude 
Climb Criterion +/- 50 feet of 500 ft /min climb rate 
Speed Criterion +/- 5 knots of specified speed 
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216 
kv&jl£ofA«tuie« 
Student: • Resulls: Pass Fail 
Flight Instructor Flight Test Time: 
Check Pilot: A/C Number Date: 
FUGHT LESSON 25, POST SOLO CROSS COUNTRY STAGE CHECK GUIDE 
PRIVATE PILOT AIRPLANE II, AVIATION 120 
Pass Fail I. PREFUGHT PREPARATION 
CZl CD A. Certificates and Documents 
CD CD 8. Obtaining Weather Information 
CZI C C. Determining Performance and Limitations. Including Weight & Ealance 
O CD D. Cross Country Flight Planning 
CD CD ' E. Airplane Systems 
CD CD F. Aeromedical Factors 
II. GROUND OPERATIONS 
CD CD A. Visual Inspedion 
CD CD B. Cockpit Management 
CD CD C. Starting Engine 
CD CD D. Taxiing 
CD CD E. Pre takeoff Check 
CD CD F. Post flight Procedure 
III. AIRPORT AND TRAFFIC PATTERN OPERATIONS 
CZ l IZZt A. Radio Communication and ATC Light Signals 
CD CD B. Traffic Pattern Operations - Entry, Departure 
CD CD C. Airport and Runway Marking and Lighting 
IV. TAKEOFFS AND CUMBS_ 
CZl CZ l A. Normal and Crosswind Takeoff and Climb 
O C Z l B. Short Field Takeoff and Climb 
CD CD c. Soft Field Takeoff and Climb 
V. CROSS-COUNTRY FLYING 
CZl CZD A.' Pilotage and Dead Reckoning 
CD CD B. Radio Navigation 
CD CD C. Diversion 
CZ l CZ l 0. Lost Procedures 
VI. FUGHT BY REFERENCE TO INSTRUMENTS. 
CZ l C Z l A. Straight and Level Flight 
CD CD B. SlraighL Constant Airspeed Climbs. Descents 
CZ l C Z l c. Turns lo Headings 
CD CD 0. Unusual Flight Attitudes 
CD CD E. Radio Aids and Radar Services 
VII. APPROACHES AND LANDINGS. 
I—I I—I A. Normal and Crosswind Approaches and Landings 
CD CD B. Slips to Landing • Forward Slips. Side Slips 
CZ l CZD C. Go-Around From a Rejeded Landing - Final Approach. Flare 
CZ l CZD 0. Short Field Approach and Landing 
CD CD E. Soft Field Approach and Landing 
VIII. EMERGENCY OPERATIONS. 
CZD LZ3 A. Emergency Procedures - Engine Failure (Simulated) • Total. Partial 
I—I I—I B. System and Equipment Malfundion 
^sL/aJ&ao-;* 
120-40 R«v:0S/l8»3 
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Uo-vmiyofMiviu 
Iosrt« of Avi*Jon 
Student*. .Results: Psss Fail 
F'icht Instructor p'irlM Test Time:.... _ 
Check Pilot: 
Pass Fail 
CZl CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 000000 
000000 
CZ3 CZl 
CZl CZl 
CZl CZl 
C 3 CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
CD CD 
A/C Numhf r • Date: 
FUGHT LES! 
I. PREFI 
A. Certifi( 
B. Obtain 
C. Detem 
D. Cross 
E. Airplar 
F. Aerom 
G. Night F 
II. GROU 
A. Visual 
B. Cockpr 
C. Startin 
0. Taxiin; 
E. Pre lak 
F. Postfli 
III. TAKEC 
A. Norma 
8. ShortF 
C. Soft FN 
IV. FUGH 
A. Stalls-
8. Stalls-
C. Manetn 
0 . Consta 
V. FUGHl 
A. Reaam 
8. S-Tums 
C. Turns A 
VI. FLIGH1 
A. Straight 
B. Straight 
C. Turns tc 
0. Unusua 
E. Radio A 
VII. APPRO 
A. Normal 
B. Slips to 
C. Go-Aroi 
0. Short Fi 
E. Soft Fie 
VIII.EMERG 
A. Emerge 
B. System 
C. Emerge 
\ J W u -AUG ? ft so-
1 
JON 30 PRIVATE PILOT CERTIFICATE STAGE CHECK GUIDE 
PRIVATE PILOT AIRPLANE II. AVIATION 120 
JGHT PRFPARATION 
ales and Documents 
ing Weather Information 
lining Performance and Limitations. Including Weight 4 Balance 
Country Flight Planning 
e Systems 
edical Factors 
lying - Preparation. Navigation, Takeoffs and Landings 
NO OPERATIONS 
nspection 
l Management 
j Engine 
eoff Check 
9ht Procedure 
)FFS AND CUMBS 
and Crosswind Takeoff and Climb 
ield Takeoff and Climb 
!ld Takeoff and Climb 
r LrrnmcM t Y S I n w A IRSPEEDS 
ImminenL Full - Power Off 
Imminent, Full - Power On 
rering at Critically Slow Airspeeds 
it Attitude Turns 
r MANFIIVFRING RY RFFFRENCE r.animn OBJECTS 
jular Course 
Across a Road 
round a Point 
r RY RPFPPPMCF TO INSTRUMENTS 
and Level Flight 
. Constant Airspeed Climbs & Descents 
Headings 
Flight Attitudes 
ids and Radar Services 
ACHES AND LANDINGS 
and Crosswind Approaches and Landings 
Landing • Forward Slips. Side Slips 
nd From a Rejected Landing - Final Approach. Flare 
eld Approach and Landing 
d Approach and Landing 
ENCY OPERATIONS 
ncy Procedures - Engine Failure (Simulated) - Total. Partial 
and Equipment Malfundion 
ncy Approach and Landing (Simulated) 
120-46 Rev:CS/!S/93 
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Appendix 7 
Stepwise Discriminant Analysis with Dichotic Listening Test error 
scores: Cross-validation classification summary showing number of 
observations and percent classified as instructors and trainees. 
From GROUP 
Instructors 
Percent 
Trainees 
Percent 
Total 
Percent 
Instructors 
25 
80. 
9 
37 . 
34 
6 1 . 
,65 
,50 
,82 
T r a i n e e s 
6 
19 . 
15 
62. 
21 
38 . 
,35 
,50 
,18 
Total 
31 
100. 
24 
100. 
55 
100. 
,00 
,00 
,00 
Correct Classification Rate 
R a t e 
Variable Entered: 
i ) Switching Error 
I n s t r u c t o r s 
80 .65 
PARTIAL R2 
0.2288 
T r a i n e e s 
62 .50 
T o t a l 
7 2 . 7 3 
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Appendix 8 
Stepwise Discriminant Analysis with attentional effects obtained with 
the Visual Attention Battery: Cross-validation classification summary 
showing number of observations and percent classified as instructors 
and trainees12. 
From GROUP 
Instructors 
Trainees 
Total 
Percent 
Ins t ruc tors Trainees Total 
26 
86. 
10 
41. 
36 
66. 
67 
,67 
,67 
4 
13.33 
14 
58.33 
18 
33.33 
30 
100.00 
24 
100.00 
54 
100.00 
Correct .Class i f icat ion Rate 
Ins t ruc tors Trainees Total 
Rate 86.67 58.33 74.07 
Variable Entered: PARTIAL R2 
i) Response Compatibility effect (accuracy) 
ii) Conjunction Search slope 
0.2445 
0.1141 
12
 Data from only 54 subjects were submitted to the discriminant analysis. 
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Appendix 9 
Stepwise Discriminant Analysis with attentional effects obtained with 
the Visual Attention Battery and with error scores from Dichotic 
Listening Test scores "forced" into the analysis: Cross-validation 
classification summary showing number of observations and percent 
classified as instructors and trainees13. 
From GROUP 
Instructors 
Trainees 
Total 
Percent 
Instructors 
25 
83.33 
7 
29.17 
32 
59.26 
Tra inees Tota l 
5 
16.67 
17 
70.83 
22 
40.74 
30 
100.00 
24 
100.00 
54 
100.00 
Correct Classification Rate 
Instructors Trainees Total 
Rate 83.33 70.83 77.78 
Variable Entered: PARTIAL R2 
i) Dichotic Listening Test errors forced into model 0.4118 
ii) Response Compatibility Effect (accuracy) 0.1716 
ii) Conjunction Search slope 0.1515 
13
 Data from only 54 subjects were submitted to the discriminant analysis. 
221 
Appendix 10 
Stepwise Discriminant Analysis with attentional effects obtained 
with the Visual Attention Battery and with error scores from the 
Dichotic Listening Test: Cross-validation classification summary 
showing number of observations and percent classified as 
instructors and trainees14. 
From GROUP 
Instructors 
Trainees 
Total 
Percent 
I n s t r u c t o r s 
28 
93.33 
8 
33.33 
36 
66.67 
Trainees Tota l 
2 
6.67 
16 
66.67 
18 
33.33 
30 
100.00 
24 
100.00 
54 
100.00 
Correct C l a s s i f i c a t i o n Rate 
I n s t r u c t o r s Trainees Tota l 
Rate 93.33 66.67 81.48 
Variable Entered: PARTIAL R2 
i) Switching Errors 
ii) Response Compatibility Effect (accuracy) 
ii) Conjunction Search slope 
0.2631 
0.1967 
0.0936 
14
 Data from only 54 subjects were submitted to the discriminant analysis. 
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Appendix 11 
Stepwise Discriminant Analysis with median response times and 
accuracy on the Visual Attention Battery: Cross-validation 
classification summary showing number of observations and percent 
classified as instructors and trainees15. 
From GROUP I n s t r u c t o r s T r a i n e e s T o t a l 
I n s t r u c t o r s 
P e r c e n t 
T r a i n e e s 
P e r c e n t 
T o t a l 
P e r c e n t 
28 
93. 
0 
O.C 
28 
61. 
33 
I 
82 
2 
6.67 
24 
100.00 
26 
48.18 
30 
100.00 
24 
100.00 
54 
100.00 
Correct C l a s s i f i c a t i o n Rate 
I n s t r u c t o r s Tra inees Tota l 
Rate 93.33 100.00 96.30 
Variable Entered: 
i) Accuracy Incompatible Trials 
ii) RT 20outside_80inside 
iii) RT Setsize 11 
iv) Accuracy 50inside_50outside 
v) Accuracy Setsize 5 
vi) RT Setsize 25 
vii) RT Center Target 
viii) Accuracy 80outside_20inside 
ix) Accuracy Uncued Location 
x) Slope 
Response Compatibility Test 
Divided Attention Test 
Form (target absent) Search 
Divided Attention Test 
Color (target present) Search 
Conjunction (Target present) Search 
Inhibition of Return Test 
Divided Attention Test 
Inhibition of Return Test 
Feature (Color target absent) Search 
PARTIAL R2 
0.2513 
0.2010 
0.1309 
.1122 
.1045 
.1298 
.1073 
.1271 
0.1112 
0.1418 
15
 Data from only 54 subjects were submitted to the discriminant analysis. 
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Appendix 12 
Stepwise Discriminant Analysis with median response times and 
accuracy on the Visual Attention Battery, and with the error 
scores from the Dichotic Listening Test "forced" into the 
analysis: Cross-validation classification summary showing number 
of observations and percent classified as instructors and 
trainees16. 
From GROUP Instructors Trainees Total 
Instructors 
Percent 
Trainees 
Percent 
Total 
Percent 
27 
90, 
5 
20, 
32 
59, 
,00 
,83 
.26 
3 
10.00 
19 
79.17 
22 
40.74 
30 
100.00 
24 
100.00 
54 
100.00 
Correct Classification Rate 
Rate 
Ins t ruc tors 
90.00 
Trainees 
79.17 
Total 
85.19 
V a r i a b l e E n t e r e d : 
i ) D i c h o t i c L i s t e n i n g T e s t e r r o r s 
i i ) RT 2 0 o u t s i d e _ 8 0 i n s i d e - Div ided A t t e n t i o n T e s t 
i i i ) S lope - Co lo r ( t a r g e t a b s e n t ) Sea rch 
PARTIAL R2 
0.4118 
0.4168 
0.1022 
16
 Data from only 54 sub jec t s were submitted to the discr iminant ana lys i s . 
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Appendix 13 
Stepwise Discriminant Analysis with median response times and accuracy 
on the Visual Attention Battery and error scores from the Dichotic 
Listening Test: Cross-validation classification summary showing number 
of observations and percent classified as instructors and trainees17. 
From GROUP 
I n s t r u c t o r s 
P e r c e n t 
T r a i n e e s 
P e r c e n t 
T o t a l 
P e r c e n t 
I n s t r u c t o r s 
29 
96 .67 
1 
4 .17 
30 
55 .56 
T r a i n e e s 
1 
3 .33 
23 
9 5 . 8 3 
24 
4 4 . 4 4 
T o t a l 
30 
1 0 0 . 0 0 
24 
100 .00 
54 
100 .00 
Correct Classification Rate 
Instructors T r a i n e e s T o t a l 
R a t e 96 .67 9 5 . 8 3 9 6 . 2 5 
Variable Entered 
i ) 
i i ) 
i i i ) 
i v ) 
V) 
v i ) 
v i i ) 
v i i i ) 
i x ) 
X) 
Switching 
RT 
Accuracy 
Accuracy 
Accuracy 
Accuracy 
Accuracy 
RT 
Accuracy 
Accuracy 
Errors 
20outside_80inside 
Incompatible Trials 
50inside_50outside 
Compatible Trials -
Setsize 5 
0outside_100inside 
Setsize 11 
Setsize 5 
80outside_20inside 
PARTIAL 
Dichotic Listening Test 0.2631 
Divided Attention Test 0.2536 
Response Competition Test 0.1711 
Divided Attention Test 0.1611 
Response Competition Test 0.1388 
Form (target absent) Search 0.1661 
Divided Attention Test 0.0958 
Form (target absent) Search 0.0921 
Color (target present) Search 0.1084 
Divided Attention Test 0.0903 
17
 Data from only 54 subjects were submitted to the discriminant analysis. 
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